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EXECUTIVE SUMMARY 
PROJECT MANDATE AND SCOPE 
State legislation (Environmental Protection Act, January 1, 1985, Title 
I: General Provisions, Section 62: Study of Underground Injection) enacted 
in 1984 required that the Department of Energy and Natural Resources conduct 
an in-depth assessment of the regulations and regulatory practices of the 
Illinois Underground Injection Control (UIC) program as it relates to 
injection of industrial wastes (hazardous types) in Class I waste disposal 
wells. In Sections 721 and 729 of Title 35, Illinois Administrative Code, a 
waste is defined and discussed as hazardous if it exhibits any of the 
following characteristics: ignitability, corrosivity, reactivity, or EP 
toxicity. Class I wells are defined in Section 704.106 as those wells 
injecting industrial and municipal wastes below all Underground Sources of 
Drinking Water (USDW). Four additional classes of injection wells not 
included in this study are also defined: 
• Class II - wells associated with oil and gas storage and production. 
• Class III - wells used in special process (mining) operations. 
• Class IV - wells used to inject industrial hazardous wastes into or 
above USDW--this class is presently banned. 
o Class V - wells used to inject all other nonhazardous wastes into 
or above USDW. 
The objectives of this assessment are to determine whether underground 
injection is an appropriate method of waste disposal in Illinois and to pro-
vide recommendations to the Legislature, Legislative Council, the Governor's 
Office, and State agencies concerning this disposal practice. The final 
report presents the results of the study mandated by the legislation. The 
following topics are addressed in the report: 
1. The current State regulations and regulatory practices of the 
Illinois Class I UIC program; 
2. A historical evaluation of the operation and maintenance of under-
ground injection facilities in Illinois, and a review of the types of 
wastes and potential problems associated with underground waste 
disposal; 
3. A review of the Class I UIC programs in other states and comparison 
with the program in Illinois, including current issues and trends in 
deep well injection; 
4. A summary of geologic information in Illinois to identify areas and 
geologic formations that are being used and might be targeted for 
future injection; 
5. An identification of alternative waste disposal management options, 
along with treatment requirements, treatment technologies, associated 
costs for selected waste management options, and potential environ-
mental impacts; and 
6. Conclusions and recommendations. 
The following discussion is an executive summary of the salient contents 
of that report. 
BACKGROUND OF DEEP WELL INJECTION IN ILLINOIS 
Underground injection is the controlled emplacement of fluids into 
selected geologic formations through specially designed and monitored wells. 
Injection into deeply buried formations was developed and employed by the oil 
and gas industry in the 1930's. The same concept has been applied to the 
disposal of industrial wastes since the early 1950's. The first operating 
permit for deep well injection of industrial wastes in Illinois was issued in 
1965. Nine injection wells, including two standbys, are currently in opera-
tion at seven industrial sites (see figure i). The waste streams are classi-
fied as hazardous at four sites and nonhazardous at the other three sites. 
These wells range in depth from 1540 feet to 5524 feet, and average about 3800 
feet. Certain carbonate rock formations are the most often used injection 
zones because of their porous and permeable character. A thick sandstone 
formation is also used by two wells. Each formation used for disposal is 
required by the regulations to contain ground water with a total dissolved 
mineral content greater than 10,000 mg/L; all ground water with less than 
10,000 mg/L has been reserved as potential Underground Sources of Drinking 
Water (USDW). The wells are operated as low to moderate injection pressure 
facilities by on-site industries; there are currently no commercial disposal 
wells. All of these waste injection wells are regulated by the Illinois 
Environmental Protection Agency (IEPA) as Class I wells under the UIC Program 
of the Safe Drinking Water Act (1974). Illinois has recently been granted 
primacy in operating this program. 
In 1984, approximately 310 million gallons of industrial wastes were 
disposed of in these wells. Water, the major component of waste streams, 
comprises between 70 to 95 percent of the total waste volume. Acids (HC1, 
H2S04' and HF) used in industrial processes were the most common constituents 
of the waste streams. Other important constituents included caustic soda, 
pesticides, fluoride, mercury, arsenic, vanadium and chromium compounds, and 
chlorinated hydrocarbons. 
The geologic environment forms the primary part of the deep well 
injection system. The geology of Illinois is characterized by widespread 
distribution of numerous rock units deposited in a single depositional 
basin. A number of rock units lying below the USDW across the central two-
thirds of the State meet regulatory requirements for disposal of industrial 
wastes in Class I wells. Figure i shows a map view of the uppermost geologic 
units that contain potential disposal zones and a north-south profile view of 
the subsurface relationship of these units. Within these units there are 
limestone, dolomite, and sandstone formations that are capable of accepting 
the injected fluid volume and have adequate beds above and below to confine 
this fluid within the disposal formation. 
THE ISSUE OF DEEP WELL INJECTION IN IllINOIS 
The issue of underground injection of industrial wastes (in particular, 
hazardous wastes) as an appropriate method of waste disposal in Class I wells 
vii 
is currently being reviewed at state and national levels due to legislation 
enacted by the Congress. Underground injection is one of several waste 
management options available to waste generators and has been considered an 
option by regulatory agencies when both the typical options of waste reduc-
tion, recycling, and pretreatment are not feasible and when the geologic 
environment beneath the proposed disposal site is capable of accepting and 
confining injected waste. Assessment of the feasibility of deep well disposal 
must include technical considerations as well as environmental, societal, and 
economic impacts. 
Currently the Class I wells in Illinois are being operated by rule while 
a permit review process is being conducted by the Illinois Environmental 
Protection Agency. All existing Class I wells must receive new permits under 
the regulations adopted by the State when primacy was received for the UIC 
program. Several permit reviews are underv/ay to replace existing disposal 
v/ells. The legislative moratorium on the construction of new wells, a part of 
the Environmental Protection Act of January 1, 1986, will remain in effect 
until lifted by the Legislature. 
PROCEDURES EMPLOYED TO ADDRESS THE TASKS OUTLINED IN THE STUDY MANDATE 
1. Illinois Class I UIC regulations and regulatory practices documents 
were reviewed to determine the sufficiency of the regulatory 
framework and the regulatory practices in protecting the underground 
sources of drinking water from degradation through injection 
activities by Class I disposal wells. 
2. Class I waste disposal permit applications and monthly summary opera-
tional reports submitted by industries in Illinois were reviewed. 
These documents were used to characterize the seven waste streams, 
and to compile and evaluate construction details and operational data 
at each plant site. The potential interaction between the injected 
wastes and the materials that the waste would contact in the subsur-
face environment were determined and the implications of potential 
interactions were reviewed. 
3. State and USEPA regional regulatory offices and consultants working 
with UIC facilities were contacted to obtain information regarding 
the various UIC programs as well as to discuss current issues and 
possible trends. 
4. Selected State Geological Survey publications, maps, reports and 
files were reviewed to describe the geologic environment in Illinois. 
5. An engineering consulting firm, Engineering-Science Inc, was subcon-
tracted to investigate alternatives to deep well injection, perform 
comparative cost estimates for all alternatives, and summarize poten-
tial environmental and societal impacts of these alternatives. 
6. Conclusions and recommendations were arrived at by considering the 
status of current regulations and practices, both from the standpoint 
of their intent to protect the environment and from the Illinois 
experience. 
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CONCLUSIONS 
The Class I UIC Program in Illinois. Deep well injection of industrial 
wastes in Class I wells in Illinois appears to be a viable means of disposal 
when carried out within the requirements of the UIC regulations. Selected 
geologic formations in Illinois meet regulatory requirements for deep well 
injection, including those currently being utilized at the seven Class I 
sites. The regulatory structure for Class I injection wells (which regulates 
the wastes once they pass through the wellhead) is, with the exceptions noted 
in the final report, adequate in concept and scope to insure containment of 
injected wastes in the disposal formation and to safeguard underground sources 
of drinking water in Illinois. This safeguard is accomplished both through 
requirements for well siting, construction, testing, operation, and monitoring 
and through review, permitting, oversight, monitoring, and testing procedures. 
The permitting process includes assessment of risks and benefits associated 
with deep well injection and also the availability of economical and environ-
mentally safe options for alternative means for waste disposal. Management of 
the regulations adopted by the Illinois Pollution Control Board is carried out 
by the Illinois Environmental Protection Agency through regulatory 
practices. Surface facilities are operated under RCRA regulations; only the 
injection well is operated under UIC regulations (IEPA, March 1, 1984). 
The indication to date is that the regulatory practices have carried out 
the intent of the regulations to insure safe operation of the Class I wells, 
containment of the injected waste within the disposal zone and its confining 
units, and protection of all USDW lying above the area of influence at each 
disposal site. Recent advances in technology, however, have indicated the 
need to update and strengthen selected portions of the regulatory practices; 
in particular, in the areas of waste sampling protocol, chemical analysis of 
collected waste samples, and evaluation of well testing and monitoring data. 
The position of Class I Program Coordinator in the Division of Land 
Pollution Control of the IEPA has been reestablished to better coordinate the 
efforts of this program and its interaction with other regulatory programs. 
Past coordinators have, along with their staffs, demonstrated effective 
administration of the deep well disposal program. Replacement of recently 
lost staff is underway so that all aspects of permitting, compliance sur-
veillance, and field inspection will be maintained at an adequate level in the 
UIC Class I program. 
Description of Disposal Wells, Waste Streams and Monitoring Activites. 
Injection wells at the seven sites have maintained adequate capacity to accept 
the maximum permitted waste volume at low to moderate injection pressures. 
Injection pressures of Illinois wells lie well below the limit at which frac-
tures might begin to develop in injection formation rock. Illinois requires 
strict adherence to continuous monitoring of annular and injection pressures, 
since these parameters are currently the only way to assess the performance of 
injection wells. Since injected wastes are generated on-site (no off-site 
wastes accepted), the waste streams are relatively stable in composition and 
volume. The main components of the waste streams have shown no adverse inter-
action with water or rocks of the disposal zone that have reduced or limited 
the capacity of the disposal zone to accept the injected waste stream. To 
date only minor problems have been reported with injected waste/disposal 
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formation interactions; none involved noncompliance at the time of 
occurrence. There has been no reported or detected contamination of any USDW 
caused by either the operation of or failures in the nine wells. Changes in 
waste components after injection into a disposal formation are possible, but 
with current technology cannot be directly monitored. These changes and their 
expected but small effect on the subsurface disposal environment need further 
study to evaluate their impact on the disposal environment. 
A comprehensive chemical analysis of the injection waste should be 
required at the time of permitting, and annually thereafter using an adequate 
sampling protocol to collect unbiased and representative samples of the waste. 
In the event of contamination of a USDW near an injection well, these chemical 
analyses would be vital in determining the sources of contamination as well as 
the full extent of any hazard. 
Illinois currently has no mechanism for monitoring the aquifers above the 
injection zone in the area of review for Class I wells. Any subsurface moni-
toring not done in the disposal well could be conducted in permeable intervals 
directly above the confining bed overlying the targeted disposal formation. 
If such monitoring is required, it can best be done in a saline aquifer above 
the primary confining bed where any waste passing through the confining bed 
can be detected. Direct monitoring in the disposal zone through a monitoring 
well positioned radially from the injection well provides a potential avenue 
for escape of injected waste. Therefore this position for finishing of 
monitoring wells is not advisable. 
Waste Disposal Options and the Impact of Each Option. Disposal options 
may be divided into three categories: 1) deep well injection as currently 
practiced, 2) deep well injection of the salt solution after removal of the 
hazardous components, and 3) banning of deep well injection. A number of 
technologies exist that can treat and dispose of most hazardous and non-
hazardous components found in industrial waste streams associated with Class I 
wells. Each disposal management option has definable economic, environmental, 
and societal impacts associated with it. The environmental and societal risks 
associated with waste management options using technologies other than deep 
well disposal were difficult to quantify and were beyond the scope of this 
report. Qualitatively, the environmental impacts of some alternatives were 
noted to range from very significant in the surface/near-surface environment 
to nearly no impact to the surface environment. Examples of these impacts 
range from significant risk to shallow potable aquifers from landfill disposal 
of residual/indestructable inorganic components (strong acid/base neutraliza-
tion and heavy metals) to relatively insignificant for the complete destruc-
tion or conversion of many organic components into harmless compounds. Pre-
treatment prior to deep well injection to remove selected hazardous waste 
components from wastestreams should be considered where such removal does not 
generate a significant negative impact or increased risk. 
Pretreatment prior to injection to remove the hazardous components would 
increase the estimated annual operating costs by factors of about 3, 5, 6, and 
40 for the four industries with hazardous wastestreams. If pretreatment were 
required, this would represent a total annual economic impact of 3.2 million 
dollars for the first three industries. Pretreatment costs for the fourth 
industry (estimated cost factor of 40) would be very large and would make 
this wastestream a candidate for recycling. A complete ban on deep well 
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injection would require total treatment of the seven existing waste streams in 
Illinois to surface water effluent discharge standards and would result in an 
estimated average fifteen-fold increase in annual treatment and disposal costs 
($24.0 million). The potential environmental impact of disposal of some of 
the wastes in the surface environment from options 2 and 3 could be 
significantly greater than for disposal under option 1. 
Research Needs for Extending Knowledge and Providing Basic Information 
for the UIC Program. Insitu chemical interactions between waste, aquifer, and 
pore water need extensive research effort. The development of a sampling 
protocol will assist in determining the detailed chemical composition of trace 
components in wastes and in identifying major and minor interactions between 
wastes and components in the disposal environment. Numerous physical and 
chemical parameters controlling these interactions have not been studied in 
detail using wastes under disposal zone conditions. 
In the natural environment strict uniformity of conditions does not 
exist. The degrees of anisotropy and inhomogeneity present in waste disposal 
zones and their effects on waste movement in the disposal zone need further 
evaluation. Modeling studies can demonstrate the distribution of pressure 
increases expected in the disposal zone and confining units, rate of movement 
of the waste in the disposal zone, and the transport rate of selected com-
ponents of the waste. Data derived from modeling studies can provide the 
information needed to modify the regulatory practices to insure a greater 
degree of confidence in confining injected wastes within the disposal zone 
system and in protecting USDW from contamination. 
The adequacy of subsurface monitoring programs needs further evalua-
tion. There is also a need for developing a monitoring strategy. Modeling 
studies appear to be an excellent approach to gathering much of the 
information needed to determine the level of monitoring required, the best 
position in the subsurface for monitoring, and the development of techniques 
capable of detecting fluid loss from the disposal zone system. 
Risk/Benefit Assessment. Assessment of acceptable risks versus benefits 
for each of the three general disposal options is a difficult task and is 
beyond the scope of this study. However, through assessment of risks/ 
benefits, the trade-offs associated with specific disposal options can be 
identified. For example, disposal in surface deposits (landfilling) can be 
observed and is relatively easy to monitor, but the wastes are subject to a 
variety of changing surface environmental factors and lie close to surface 
water and groundwater resources. On the other hand, wastes injected into deep 
disposal zones are relatively far removed from the surface environment and 
sources of drinking water. In addition, the thick confining beds, the very 
slow movement of groundwater in the deep disposal zones, and the relatively 
uniform hydrologic conditions offer less likelihood for escape of wastes from 
the injection horizon. Major well failures that have resulted in 
contamination of USDW outside of Illinois have been shown to occur almost 
exclusively in wells in which well design, operation, and/or testing did not 
meet the regulatory requirements currently mandated by the UIC program of the 
Safe Drinking Water Act. On the other hand, if contamination does occur from 
injected wastes, detection and clean up can be more difficult and uncertain 
than for contamination from surface or near-surface sources. 
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Deep well injection involves specific risks that are addressed in the 
regulations. Other risks not covered directly in the regulations are 
addressed in the feasibility report which is required to accompany permit 
applications. Examples of this latter group include geographic regions with 
inadequate cap rock above potential disposal zones and potential damage from 
seismic events. In general, the UIC regulations adequately address issues 
affecting the integrity of disposal wells; however, as new technologies emerge 
and standards change, the regulations and regulatory practice may require 
fine-tuning to insure sufficient safeguarding of the USDW and to minimize risk 
to human health and the environment. 
.0 .. 
The intent of the body of UIC regulations under the Safe Drinking Water 
Act is to protect all USDW and to ensure that injected wastes remain in the 
zone into which they have been injected. It is our opinion that from both a 
technical and regulatory viewpoint deep well injection of industrial wastes in 
Class I wells in Illinois is a viable disposal option. Confidence in this 
option can be increased by the development of timely research into all aspects 
of injection technology and by the employment of strengthened regulatory 
practices as the need is identified. 
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POTENTIAL DISPOSAL ZONES 
FOR CLASS 1 WELLS 
Elevation (ft) 
Mississippian 
Elevation (ft) 
1540-1764 Disposal depth 
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potential disposal zone(s); all more deeply buried 
units may also contain potential disposal zones 
I Pennsylvanian 
II Chesterian 
III Silurian-Devonian 
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V Elmhurst-Mt. Simon 
for moderate to severe damage from seismic events VI Disposal not feasible. Basal Sandstone lack confining bed 
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INTRODUCTION 
BACKGROUND AND SCOPE OF STUDY 
Underground injection is the controlled emplacement of fluids into 
selected geologic formations through specially designed and monitored wells. 
In the 1930s underground injection was developed and employed by the oil 
industry for disposal of brines related to oil and gas production and for 
secondary recovery of oil. The same concept was applied to the disposal of 
liquid industrial wastes in the early 1950s. As disposal of wastes into 
surface waters and on land became more restricted with the enactment of 
federal and state laws, underground injection of liquid wastes gradually 
increased. 
The basis for deep well underground injection is twofold: 1) the selec-
tion of an area where geologic and hydrologic conditions are favorable for 
injection practice, and 2) the design and monitoring of the injection well to 
minimize the potential for pollution of usable waters (waters with less than 
10,000 mg/L total dissolved solids). Injection is feasible: where a rock 
formation has sufficient permeability, thickness, and areal extent to accommo-
date large volumes of injected waste; where the waste does not chemically 
interact with the injection zone rock and confining interval rocks, or the 
native water in a way that would impede injection; where the injection zone is 
confined between adequate rock formations of such integrity and low 
permeability as to assure containment of wastes in the injection zone; and 
where no improperly abandoned wells penetrate the injection zone or geologic 
faults exist in the vicinity of the injection well to cause leakage from the 
injection zone. Given these conditions, an injection well must be constructed 
and operated in such a way as to assure the containment of fluids both in the 
well and in the injection zone. This is accomplished through the use of 
casings, grouting, tubing, annular protection systems, continuous monitoring, 
proper injection practices, and periodic testing of the mechanical integrity 
of the well. 
The capacity of the geologic environment to provide both sources of 
drinking water and repositories for injected liquid wastes points out the 
diversity of characteristics in this environment and the need to thoroughly 
understand these characteristics so that no interaction is allowed between 
disposed wastes and underground sources of drinking water (USDW). Conditions 
necessary for subsurface disposal of industrial wastes by deep well injection 
are satisfied by a number of moderately to deeply buried geologic units across 
the central two-thirds of Illinois. Hazardous and nonhazardous wastes require 
the same subsurface conditions for deep well injection. Injection is feasible 
whenever the following conditions exist for potential injection zones: 1) the 
injection zone has the capacity to accept the waste for the proposed life of 
the well (usually 20 years) at an acceptable injection pressure; 2) it lies 
below the deepest underground source of drinking water (USDW - all groundwater 
with < 10,000 mg/L total dissolved solids (TDS)); and is bound above and below 
by confining units capable of retaining the waste within these three units. 
The sedimentary rock sequence in which the disposal zones are found ranges in 
thickness from about 1,500 feet in northern Illinois to over 20,000 feet near 
the mouth of the Wabash River. The Illinois Basin and the structural margin 
surrounding this basin form a large sedimentary feature that covers the entire 
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State. Many of geologic units deposited in this sedimentary feature have 
widespread distribution across the State. Likewise there is a fairly broad 
distribution of the characteristics found in the units that qualify for deep 
well injection. 
The use of deeply buried geologic formations as disposal zones for indus-
trial waste has been a management practice in Illinois for 20 years. The 
first permit for Class I deep well injection was issued by the Illinois 
Department of Public Health, Predecessor of the Illinois Environmental 
Protection Agency (IEPA), in 1965. By 1976, when the last new permit was 
issued, nine injection wells, including one standby, were in operation at 
seven industrial sites. Presently permits are under review for two 
replacement wells at sites F and G. See the following paragraph for site 
1 ocati ons. 
The locations of the seven industrial sites with disposal wells are shown 
on Figure 1. These sites are more specifically located as follows: 
A. Cabot Corporation, near Tuscola, Il; two wells are located in Section 
31, T. 16 N., R. 8 W., Douglas County. 
B. Natural Gas Pipeline Company of America, at Herscher Il; well is 
located in the Herscher Gas Storage field in Section 33, T. 30 N., 
R. 10 E., Kankakee County. 
c. Jones & Laughlin Steel Corporation, at Hennepin, Il; well is located 
in Section 3, T. 32 N., R. 2 W., Putnam County. 
D. U.S. Industrial Chemicals Company, near Tuscola, Il; well is located 
in Section 31, T. 16 N., R. 8 W., Douglas County. 
E. Allied Chemical Corporation, at Danville, Il; well is located in 
Section 12, T. 19 N., R. 11 W., Vermilion County. 
F. Velsicol Chemical Corporation, near Marshall, Il; two wells are 
located in Section 12, T. 11 N., R. 12 W., Clark County. 
G. National Gas Pipeline Company of America in the Louden Gas Storage 
field, near St. Elmo, Il; well is located in Section 28, T. 8 N., 
R. 3 E., Fayette County. 
H. American Potash Company, in West Chicago, Il; a test well that was not 
completed as a disposal well, located in Section 9, T. 39 N., R. 9 E., 
DuPage County. 
The disposal zones for these wells range in depth from 1540 feet to 5524 
feet, and have an average maximum depth of 3817 feet. Certain carbonate rocks 
are most often used as injection zones because of their porous and permeable 
character. Two wells inject waste into the Mt. Simon Formation, a thick, 
basal sandstone of the Cambrian System. Four wells inject into the Eminence-
Potosi Dolomites (also units of the Cambrian System), while two others use the 
Salem Limestone (Mississippian System) and one well uses a Devonian limestone. 
2 
• 
Permitted Class I 
Well 
LOCATION OF CLASS I WELLS 
fP~I%0==~2Ot:=3~0==4~0==~50ml 
o 10 20 30 40 50 60 km , 
FIGURE 1 
3 
In 1984 approximately 310 million gallons of industrial wastes were 
disposed of in these wells. Industrial acids (HC1, H2S04, and HF) were the 
most common constituents of the waste streams. Other important constituents 
included caustic soda, pesticides, fluoride, compounds of mercury, arsenic, 
vanadium, and chromium and chlorinated hydrocarbons. Runoff from precipita-
tion on plant property made up a significant percentage of the wastestream at 
several sites. 
All nine of the waste injection wells are regulated by the IEPA as Class 
I wells under the Underground Injection Control (UIC) program of the Safe 
Drinking Water Act (1974). Five classes of disposal wells have been defined 
by the UIC regulation. These include: 
• Class I - wells used to inject municipal and both hazardous and 
nonhazardous industrial wastes below USDW. 
• Class II - wells associated with oil and gas storage and 
production. 
• Class III - wells used in special process (mining) operations. 
• Class IV - wells used to inject industrial hazardous wastes into or 
above USDW--this class is presently banned. 
• Class V - wells used to inject all other nonhazardous wastes into 
or above USDW. 
Illinois has recently been granted primacy to operate this program. The wells 
are being operated under rule while permit reviews are being conducted under 
the regulations of the UIC program for Class I wells. Staff from the State 
Geological and Water Surveys provide technical consultation to the IEPA, the 
primary regulatory agency for the program. 
Legislation (SB1954jHB3176) approved in 1984 (IEPA, January 1, 1985: 
Environmental Protection Act) required that the Department of Energy and 
Natural Resources conduct an in-depth assessment of the regulations and 
practices of the Illinois UIC program as it relates to Class I hazardous waste 
disposal. A study was initiated to determine whether underground injection is 
an appropriate method of disposal in Illinois and to provide sound 
recommendations to the Legislature, Legislative Council, the Governor's 
office, and State agencies concerning this disposal practices. This report 
addresses the following topics that were covered in the mandated study: 
1. The current State regulations and regulatory practices of the 
Illinois Class I UIC program; 
2. A historical evaluation of the operation and maintenance of under-
ground injection facilities in Illinois, and a review of the types of 
wastes and potential problems associated with underground waste 
disposal; 
3. A review of the Class I UIC programs in other states and comparison 
with the program in Illinois, including current issues and trends in 
deep well injection; 
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4. The geologic information used to identify geologic formations capable 
of accepting and confining wastes injected through Class I wells in 
Illinois; 
5. An identification of alternative waste management options, along with 
treatment requirements, treatment technologies, associated costs for 
selected waste management options, and potential environmental 
impacts; and 
6. Conclusions and recommendations. 
This study focuses on the practice of deep well disposal of hazardous and 
nonhazardous wastes into saline disposal zones through Class I wells, and the 
potential effect of this method of disposal on groundwater resources used for 
drinking water purposes. Groundwater is an important resource to the people 
of Illinois. Average daily consumption is estimated at 475 million gallons 
per day in 1984 (Kirk et a1., 1985). Illinois is ranked fourth among the 
states of this country in the use of groundwater as a source for public water 
supply (Solly et a1., 1985). In addition, industry and agriculture make even 
more extensive use of fresh groundwater. That portion of the groundwater 
resource containing less than 10,000 mg/L of dissolved solids has been 
reserved as a potential drinking water source. The freshest portion of this 
reserved resource is presently being used for drinking water supplies by 35 
percent of the population of the State. It is of prime concern, therefore, to 
the citizens of Illinois to protection these groundwater resources from 
potential sources of contamination. 
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CHAPTER I 
REGULATIONS AND PERMITTING PRACTICES 
This chapter summarizes briefly specific regulations adopted by the 
Illinois Pollution Control Board (IPCB) (IEPA, March 1, 1984) and reviews in 
detail regulatory practices of the Illinois Environmental Protection Agency 
(IEPA) (IEPA, 1984) concerning the Underground Injection Control (UIC) program 
in Illinois. The review of permitting practices includes instructions for 
filing permit applications, application handling procedures, provlslons for 
permit modification and revocation, and standard and special conditions for 
UIC permits issued by the IEPA. 
Also included in this chapter is a summary of new amendments to the 
Resource Conservation and Recovery Act (RCRA) passed in November 1984, per-
taining to land disposal of hazardous wastes. 
SELECTED DEFINITIONS AND TERMS 
Aquifer 
An aquifer is a saturated, permeable geologic unit capable of yielding 
usable quantities of water to a well or spring. 
Area of Review 
The area of review is the lateral distance from the well in which 
pressures in the injection zone may cause the migration of the injection 
and/or formation fluids into a USDW. This lateral distance may be determined 
by computation based on hydrogeologic parameters, or a fixed lateral distance 
of not less than 1/4 mile may be used. If the area of review is determined by 
computation, the permissible radius is the result of such computation even if 
it is less than 1/4 mile. 
Applicants for Class I well permits must identify the location of all 
known wells within the area of review which penetrate the injection zone. For 
such wells which are improperly sealed, completed, or abandoned, the applicant 
shall also submit a plan consisting of such steps or modifications as are 
necessary to prevent fluid movement into underground sources of drinking 
water. Also, the applicant must identify any known or suspected faults 
existing within the area of review. 
Fracture Gradient 
Injection pressure is one of the operational parameters that directly 
affects the injection process. Bottom-hole injection pressure must be closely 
controlled, however, in order to prevent artificial fracturing of the con-
fining layer and the migration of waste or formation fluids into other 
permeable units. Wolff et al. (1975) reported that vertical fracturing could 
be induced at the well bore when the bottom-hole injection pressure reaches 
approximately two-thirds of the overburden pressure (the weight of the 
overlying rocks and pore water). Injection pressure, therefore, is limited 
such that the bottom-hole pressure does not exceed this amount. If pressure 
1-1 
losses due to flow through the injection tubing are significant, they are 
normally taken into account when setting injection pressure limits as part of 
a permit application. 
Hazardous Waste 
"So1id waste II is defined in 35 Ill. Adm. Code 721.102; the term "so1id ll 
can include solid, liquid, semi-solid, and contained gaseous materials. 
"Hazardous waste ll is defined in 35 Ill. Adm. Code 721.103; Illiquid hazardous 
waste" is defined and discussed in 35 Ill. Adm. Code 729, Subpart C. Exclu-
sions to these definitions are listed in 35 Ill. Adm. Code 721.104. A solid 
waste (unless excluded in Section 721.104) is defined as a hazardous waste if 
it exhibits any of the following characteristics defined in Subpart C of Part 
721: ignitability, corrosivity, reactivity, or EP toxicity. 
A listing of some hazardous wastes is presented in Subpart 0 of Part 721, 
along with one or more of the appropriate hazard codes: ignitable (I), corro-
sive (C), reactive (R), EP toxic (E), acute hazardous (H), or toxic (T). A 
liquid hazardous waste is defined as a hazardous waste which yields any fluid 
when subjected to the paint filter test described in 35 Ill. Adm. Code 
729.320. 
A person who generates a solid waste, as defined in Section 721.102, must 
determine if that waste is a hazardous waste using the following method: 
a) He should first determine if the waste is excluded from regulation 
under Section 721.104. 
b) He must then determi ne if the waste is 1 i sted as a hazardous waste in 
Subpart 0 of Part 721. Even if a waste is listed, the generator 
still has an opportunity under Section 720.122 (Waste Delisting) and 
40 CFR Section 260.22 to demonstrate that the waste from his parti-
cular facility or operation is not a hazardous waste. 
c) If the waste is not listed as a hazardous waste in Subpart 0 of Part 
721, he must determine whether the waste is identified in Subpart C 
of Part 721 by either 1) testing the waste according to the methods 
set forth in Subpart C of Part 721, or according to an equivalent 
method approved by the Board under Section 720.120; or 2) applying 
knowledge of the hazard characteristic of the waste in light of the 
materials or the processes used. (It is possible that cases will 
occur in which a waste not deemed as hazardous by a strict 
interpretation of the regulations may, in fact, be hazardous.) 
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Classification Of Injection Wells .(source: 35 Ill. Adm. Code 730.105) 
Injection wells are classified as follows: 
a) Class I: 
1) Wells used by generators of hazardous wastes or 
owners or operators of hazardous waste manage-
ment facilities to inject hazardous waste beneath 
the lower most formation containing, within 402 
meters (1/4 mile) of the well bore, an underground 
source of drinking water. 
. 2) Other industrial and municipal disposal wells 
which inject fluids beneath the lowermost forma-
tion containing, within 402 meters (1/4 mile) of the 
well bore, an underground source of drinking water. 
b) Class II. Wells which inject fluids: 
1) Which are brought to the surface in connection with 
conventional oil or natural gas production; and may 
be commingled with waste waters from gas plants 
which are an integral part of production operations, 
unless those waters are classified as a hazardous 
waste at the time of injection; 
2) For enhanced recovery of oil or natural gas; and 
3) For storage of hydrocarbons which are liquid at 
standard temperature and pressure. 
c) Class III. Wells which inject for extraction of minerals, 
including: 
1) Mining of sulfur by the Frasch process; 
21 In situ production of uranium or other metals. This 
category includes only in-situ production from ore 
bodies which have not been conventionally mined 
Solution mining of conventional mines such as 
stopes leaching is included in Class V 
31 Solution mmmg of salts or potash. 
d) Class IV. 
1) Wells used by generators of hazardous wastes or of 
radioactive wastes, by owners or operators of haz-
ardous waste management facilities, or by owners 
or operators of radioactive waste disposal sites to 
dispose of hazardous wastes or radioactive wastes 
into or above a formation which within 402 meters 
0/4 mile} of the well contains an underground 
source of drinking water. 
2) Wells used by generators of hazardous waste or of 
radioactive waste, by owners or operators of haz-
ardous waste management facilities, or by owners 
or operators of radioactive waste disposal sites to 
dispose of hazardous waste or radioactive waste 
above a formation which within 402 meters (114 
mile) of the well contains an underground source of 
drinking water. 
3) Wells used be generators of hazardous waste or 
owners or operators of hazardous waste manage-
ment facilities to dispose of hazardous waste, which 
cannot be classified under 35 Ill. Adm. Code 
730.105<a) (1) or 730.105<d} (1) and (d) (2) (e.g., wells 
used to dispose of hazardous wastes into or above a 
formation which contains an aquifer which has 
been exempted pursuant to 35 Ill. Adm. Code 
730.104. 
1-3 
e) Class V. Injection wells not included in Class I, II, III or 
IV. 
Class V wells includes: 
1) Air conditioning return flow wells used to return to 
the supply aquifer the water used for heating or 
cooling in a heat pump; 
2) Cesspools, including multiple dwelling, community 
or regional cesspools, or other devices that receive 
wastes, which have an open bottom alid sometimes 
have perforated sides. The UIC requirements do not 
apply to single family residential cesspools or to 
non-residential cesspools which receive solely sani-
tary wastes and have the capacity to serve fewer 
than 20 persons a day; 
3} Cooling water return flow wells used to inject water 
previously used for cooling; 
4} Drainage wells used to drain surface fluid, primari-
ly storm runoff, into a subsurface formation; 
5) Dry wells used for the injection of wastes into a sub-
surface formation; 
6) Recharge wells used to replenish the water in an 
aquifer; 
7) Salt water intrusion barrier wells used to inject 
water into a fresh water aquifer to prevent the 
intrusion of salt water into the fresh water; 
8} Sand backfill and other backfill wells used to inject 
a mixture of water and sand, mill tailings or other 
solids into mined out portions of subsurface mines 
whether what is injected is a radioactive waste or 
not; 
9) Septic system wells used to inject the waste or ef-
fluent from a mUltiple dwelling, business establish-
ment, community or regional business establish-
ment septic tank. The UIe requirements do not 
apply to single family residential septic system 
wells, or to non-residential septic system wells 
which are used solely for the disposal of sanitary 
waste and have the capacity to serve fewer than 20 
persons a day. 
10) Subsidence control wells (not used for the purpose 
of oil or natural gas production) used to inject fluids 
into a non-oil or gas producing zone to reduce or 
eliminate subsidence associated with the overdraft 
of fresh water; 
'11) Radioactive waste disposal wells other than Class 
IV; 
12) Injection wells associated with the recovery of 
geothermal energy for heating, aquaculture or pro-
duction of electric power; 
13) Wells used for solution mining of conventional 
mines such as stopes leaching; 
14) Wells used to inject spent brine into the same for-
mation from which it was withdrawn after extrac-
tion of halogens or their salts; and 
15) Injection wells used in experimental technologies. 
USDW 
A USDW (underground source of drinking water) is an aquifer or its por-
tion which: 1) supplies (or contains a sufficient quantity of groundwater to 
supply) a public water system and currently supplies drinking water for human 
consumption; or 2) contains water with less than 10,000 mg/L total dissolved 
sol ids and is not an exempted aquifer (an aquifer is desi gnated lIexempted li if 
it can be demonstrated that it has no real potential to be used as a drinking 
water sou rce) • 
Additional definitions pertinent to the UIC program are contained within 
the sections covering underground injection in 35 Illinois Administrative Code 
(IEPA, 1984). 
ILLINOIS POLLUTION CONTROL BOARD REGULATIONS 
Specific regulations related to the Underground Injection Control (UIC) 
Program have been adopted by the Illinois Pollution Control Board (IPCB). 
They are covered in 35 Ill. Adm. Code Parts 702 (RCRA and UIC Permit 
Programs), 704 (UIC Permit Program), 705 (Procedures for Permit Issuance), and 
730 (Underground Injection Control Operating Requirements). Illinois received 
primacy on February 1, 1984, which is the date when most portions of the regu-
lations became applicable. 
Part 702 (RCRA and UIC Permit Programs) contains definitions and basic 
permitting requirements which apply to both the RCRA (Resource Conservation 
and Recovery Act) and UIC programs. Regulations governing permit applica-
tions, permit conditions, and transfer, modification, and revocation of 
permits are covered in this Part. 
The regulations in Part 704 (UIC Permit Program) set forth additional 
requirements specific to the UIC permit program. All owners and operators of 
Class I injection wells must be authorized either by permit or rule. 
(liauthorization by rule ll allows facilities which had already been permitted at 
the time Ilinois received primacy to continue injection operations until 
permit decisions under the new regulations can be made.) In carrying out the 
mandate of the Safe Drinking Water Act (SDWA) of 1974, Part 704 provides that 
no injection shall be authorized by permit or rule if it results in movement 
of fluid containing any contaminant into a USDW if the presence of that 
contaminant may cause a violation of any primary drinking water regulation 
under 40 CFR 142 or may otherwise adversely affect the health of persons. 
Regulations governing prohibited injections, authorization of underground 
injection by rule, permit application, permit conditions and hazardous waste 
wells are contained in this Part. 
In Part 704 clarification is needed in Section 704.193 (Corrective 
Action) concerning improperly sealed, completed, or abandoned wells within the 
area of review. Paragraph 704.193 (a) (Coverage) states that: 
IIApplicants for Class I or II injection well permits shall identify 
the location of all known wells within the injection well1s area of 
review which penetrate the injection zone. For such wells which 
are improperly sealed, completed, or abandoned, the applicant shall 
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also submit a plan consisting of such steps or modifications as are 
necessary to prevent movement of fluid into underground sources of 
drinking water ("corrective action")," 
and paragraph 704.193 (b) (3) (Requi rements--Inject i on pressure 
limitation) reads as follows: 
"The Agency may require as a permit condition that injection pres-
sure be so limited that pressure in the injection zone does not exceed 
hydrostatic pressure at the site of any improperly completed or 
abandoned well within the area of review. This pressure limitation 
shall satisfy the corrective action requirement. Alternatively, such 
injection pressure limitation can be part of a compliance schedule and 
last until all other required corrective action has been taken." 
Our understanding is that this requirement in 704.193 (b) (3) pertains to 
improperly completed or abandoned wells within the area of review which 
penetrate the injection zone. It is physically impossible for injection 
pressure to be so limited that it will not exceed the hydrostatic pressure in 
the injection zone, as pressure must be greater than hydrostatic in order for 
injection to occur. Paragraph 704.193 (a) provides requirement for 
identifying all known wells in the area of review and the procedure to be 
followed for all wells which are improperly sealed, completed or abandoned. 
Part 705 (Procedures for Permit Issuance) sets forth procedures which the 
IEPA must follow in issuing UIC permits; it also specifies rules on effective 
dates of permits. Part 705 provides for a public comment period, and a 
hearing in some cases. Permit applicants and any other participants must 
raise issues during this proceeding to preserve issues for effective IPCB 
revi ew. 
Part 730 (Underground Injection Control Operating Requirements) sets 
forth technical criteria and standards for the UIC program, including that 
pertaining to exempted aquifers, area of review, corrective action, mechanical 
integrity, plugging and abandonment, and construction, operating, monitoring, 
and reporting requirements. The laws authorizing these and all other UIC 
program regulations are included in the Environmental Protection Act (Ill. 
Rev. Stat. 1979, ch. 111 1/2, par. 1001), as amended. 
ILLINOIS ENVIRONMENTAL PROTECTION AGENCY PRACTICES 
Instructions for Filing a Permit Application 
No person (individual, corporation, or other legal entity) may begin 
drilling or converting an existing well into a Class I disposal well without 
first obtaining a permit from the IEPA. Existing Class I wells are authorized 
by rule until a permit action is taken by the IEPA or until February 1, 1986, 
whichever occurs first. Authorization by rule may continue after February 1, 
1986, if there is a pending UIC permit application; all authorization by rule 
will expire on February 1,1989. UIC permits for Class I wells will be effec-
tive for a fixed term, to be determined by the IEPA on a case-by-case basis, 
not to exceed ten years. 
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In accordance with Section 7 of the Illinois Environmental Protection 
Act, certain information submitted to the IEPA may be claimed as confidential 
by the submitter. If no such claim is made, the IEPA may make the information 
available to the public without further notice. Claims of confidentiality for 
information concerning name and address of the applicant, identity of waste to 
be injected, or information dealing with the existence, absence, or level of 
contaminants in drinking water will be denied. 
A UIC permit application consists of a set of completed application 
forms, a Feasibility Report, and any other documents required to properly con-
sider the application. Application forms are designed to provide a summary of 
information about the applicant, injection well, waste, and other pertinent 
data on the project. The Feasibility Report is a narrative description of the 
technical information about the project, and is primarily an evaluation of the 
hydrogeological conditions based on the available data. 
The Feasibility Report is prepared in order to evaluate whether or not 
subsurface conditions are suitable for the injection of the subject fluid or 
waste. This report may be based on existing information or information 
developed by the applicant. The Feasibility Report is to be prepared under 
the direction of a professional engineer or geologist, and includes 
information on local topography and geology pertinent to the injection 
program; the subsurface hydrology and reservoir mechanics of the injection 
interval; characteristics of the waste stream(s); surface installations; 
construction, completion, and testing plans for proposed injection wells; 
other subsurface disposal operations in the area; plans for any corrective 
action which is required; injection well operation and monitoring; proposed 
abandonment procedure; and other maps and data required by the IEPA. 
Justification for subsurface disposal, in the form of treatability 
studies of alternate methods of waste disposal, must be included in the 
feasibility report. This must include a detailed explanation of why each 
method is considered to be less satisfactory in terms of environmental 
protection than the proposed subsurface disposal method. 
Penmit Application Handling Procedures 
The IEPA will mail notice of application to interested or affected 
persons and certain governmental entities. The IEPA will also publish notice 
of a draft permit or a tentative decision to deny the permit in a local news-
paper. 
The application will be reviewed for completeness, during which the 
applicant may be contacted for clarification or additional information. When 
complete, it will be forwarded to other State agencies and other governmental 
entities interested in water quality control and subsurface disposal 
practice. A notice of completeness will be sent to the applicant within 30 
days (of date of application received) for a new facility, and within 60 days 
for an existing facility. If incomplete, notice will be sent within the same 
time frame, along with a list of informational deficiencies. 
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For new UIC facilities, the IEPA will prepare and send a decision 
schedule which will contain specific target dates by which the IEPA intends to 
prepare a draft permit, give public notice, complete the public comment period 
(including any public hearing), and issue a final permit. 
Following a technical review of, and any comments received in response to 
the application, a draft permit will be prepared. A draft permit is a docu-
ment indicating the IEPA's tentative decision to issue, deny, modify, revoke 
and reissue, terminate, or reissue a permit; this may include a notice of 
intent to deny a permit. A public notice of intent to grant or deny the 
permit will be prepared, allowing a 30-day comment period for major UIC 
facilities. A public hearing can be scheduled by the IEPA and combined with 
the above public notice, or can be scheduled because of public interest. 
The applicant will be notified by IEPA when the application is set for 
final consideration. The applicant will receive a copy of the draft permit or 
notice of intent to deny the permit when this notification is published. 
The permittee shall submit a Notice of Completion to the IEPA before well 
operation begins. The permittee shall also submit a Well Completion Report 
based on data developed during well construction (drilling, sampling, casing, 
cementing, testing, and laboratory tests), and shall include any changes from 
programs proposed or results anticipated in the Feasibility Report. Present 
practice appears to allow commencement of well operation before the Well 
Completion Report is formally submitted to the regulatory agency. However, 
this is done only after a thorough review is made of all data gathered during 
construction and testing of the well. Subsequent to notice of well completion, 
IEPA may schedule as part of the review a preoperation inspection of the 
injection well, related surface equipment, and facilities to insure that the 
applicant has complied with all conditions of the UIC permit. 
The permit handling procedures outlined above are dependent upon suf-
ficient staffing and program coordination at the IEPA, the latter function 
serving to facilitate execution of the program. 
Permit Modification and Revocation 
Provisions and causes for permit modification are set forth in 35 Ill. 
Adm. Codes 702.183 (Modification), 702.184 (Causes for Modification), 702.185 
(Facility Siting), and 702.187 (Minor Modification). Causes for permit revo-
cation are listed in Sec. 702.186 (Revocation). 
Standard and Special Conditions for UIC Permits Issued by the Illinois 
Environmental Protection Agency 
Standard Conditions 
The Illinois Environmental Protection Act {Illinois Revised Statutes, 
Chapter 111 1/2, Section 1039, as amended, grants the IEPA authority to impose 
conditions on permits which it issues. The IEPA informs UIC permit applicants 
of the following standard conditions set forth in sections of the 35 Ill. Adm. 
Code: 
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1) Duty to Comp ly: 702.141 
2) Noncompliance Authorized by Emergency Permit: 704.181 (a) 
3) Duty to Reapply: 702.142 
4) Need to Halt or Reduce Activity Not a Defense: 702.143 
5) Duty to Mitigate: 702.144 
6) Proper Operation and Maintenance: 702.145 
7) Permit Actions: 702.146 
8) Property Ri ghts: 702.147 
9) Duty to Provide Information: 702.148 
10) Inspection and Entry: 702.149 
11) Monitoring and Records: 702.150 
12) Retention of Records: 704.181(b) 
13) Signatory Requirement: 702.151 
14) Reporting Requirements: 702.152, 702.162(c), 704.181(c) 
15) Transfer of Permit: 702.182 
16) Conversion or Abandonment: 702.181(e) 
17) Financial Responsibility: 704.189 
18) Revocation of Permits: 702.186 
UIC permit applicants are also informed of the following: 
19) INSOLVENCY OF FINANCIAL INSTITUTION. In the event of the bankruptcy 
of a trustee or issuing institution of the financial mechanism, or a 
suspension or revocation of the authority of the trustee institution 
to act as trustee or the institution issuing the financial mechanism 
to issue such an instrument, the permittee must submit an alterna-
tive demonstration of financial responsibility acceptable to the 
Agency within 60 days after such event. 
20) DRILLING PERMIT. Issuance of the permit does not relieve the 
permittee of the responsibility of complying with the provisions of 
Illinois State Mining Board Rules and Regulations and an Act in 
Relation to Oil, Gas, Coal, and other Surface and Underground 
Resources (Rule II, Illinois Department of Mines and Minerals Rules 
and Regulations). 
21) The permittee shall not make any false statement, representation or 
certification in any application, record, report, plan or other 
document submitted to the Agency or the USEPA (United States 
Environmental Protection Agency), or required to be maintained under 
this permit. 
22) In case of conflict between the standard conditions and any other 
condition(s) included in this permit, the other condition(s) shall 
govern. 
23) The provisions of the permit are severable, and if any provision of 
the permit, or the application of any provision of the permit is 
held invalid, the remaining provisions of the permit shall continue 
in full force and effect. 
There are within the State Treasury two special funds known as the 
"Hazardous Waste Fund" and the "Hazardous Waste Research Fund," constituted 
from fees collected pursuant to Section 22.2 of the Environmental Protection 
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Act (Ill. Rev. Stat. Ch. 111 1/2, 1985). The IEPA procedures relating to 
collection of these fees include, but are not limited to: 1) necessary 
records identifying the quantities of hazardous waste disposed; 2) the form 
and submission of reports to accompany the payment of fees to the IEPA; and 3) 
the time and manner of payment of fees to the IEPA, which payments are not 
more often than quarterly. Uses and amounts of monies collected by these fees 
are delineated in Section 22.2. 
Special Conditions 
In addition to the standard conditions, the IEPA imposes special 
conditions on UIC permits. These conditions cover operating, monitoring, 
reporting and construction requirements, compliance schedules, corrective 
action, logs and tests, mechanical integrity tests, plugging and abandonment, 
and reporting of conversion or abandonment, all as required by Title 35 Ill. 
Adm. Codes. 
In order to protect aquifers from waste injection activities, disposal 
wells must be properly designed, constructed, tested and monitored. The first 
level of protection is the various strings of casing that are part of the 
physical construction of the well. Surface casing must be set through the 
unconsolidated material into the top of the bedrock, and the annulus between 
the casing and borehole cemented back to land surface. An intermediate casing 
is set inside the surface casing to a point below the lowermost USOW, and the 
annular space outside the casing is cemented back to the surface. The 
innermost casing or long string is then set and anchored into the top of the 
injection zone and cemented back to the surface. Open borehole continues 
below the long string through the injection zone. Some well completions may 
extend the long string to the base of the injection zone and perforations made 
in the casing opposite the injection zone. 
Injected waste is conducted through the well to the injection zone by 
means of injection tubing which is suspended from the top of the well or 
seated on a packer set immediately above the base of the long string. The 
tubing normally extends below the long string and is separated from it by a 
packer placed at the bottom of the long string. The packer also allows fluid 
to be placed under pressure in the tUbing-long string annulus as a protection 
to the casing. If the injected waste is of a corrosive nature, then the 
tubing and lower portion of long string casing must be constructed of 
corrosion-resistant materials, and the grouting used outside of the long 
string must also be corrosion-resistant. The use of alternatives to a packer 
may be allowed with the written approval of the IEPA. 
Monitoring of injection conditions is critical to the successful opera-
tion of an injection well and to the safeguarding of underground water 
resources. Well head instrumentation normally includes flow meters and both 
injection pressure and annulus pressure gauges and recorders. Annulus 
pressure is maintained at a level above that of the injection tube. Periodic 
tests are made of the mechanical integrity of the system to ensure that there 
are no significant leaks in the casing, tubing, or packer, or that there is no 
significant fluid movement into a USOW through vertical channels adjacent to 
1-9 
the well bore. Mechanical integrity can be examined by means of a series of 
pressure tests and downhole geophysical logging tests. Monitoring activities 
also include measurement of physical and chemical parameters to characterize 
the injected waste stream. 
Radioactive Waste 
The authors observe that the definitions of Class IV and Class V wells 
include those wells receiving radioactive wastes, whereas the definition of 
Class I wells in the regulations makes no mention of such wastes. Since Class 
IV wells are banned in Illinois, this class will not be discussed further in 
this section. The term "radioactive waste" as used in the definition of Class 
V wells is assumed to represent low-level radioactive wastes, but no intensity 
levels are identified. A definition is needed for what constitutes a 
radioactive waste and a decision needs to be made as to the class or classes 
appropriate for subsurface disposal of various intensity levels for this type 
of waste or groundwater with a very low concentration of naturally occurring 
radioactive components. In addition to industrial sources for radioactive 
wastes, there maybe sources in some municipal sanitary wastes and from 
groundwater supply wells. Gilkeson et al. (1983) and the IPCB (1985) identify 
public water supply facilities using wells yielding water in which the 
intensity of radioactive decay exceeds drinking water standards. Groundwater 
heat pump systems that tap aquifers with radioactive water and are coupled 
with return wells also represent another potential source of radioactive water 
injected into the subsurface. 
1984 Amendments to the Resource Conservation and Recovery Act (RCRA) 
In November 1984, Congress passed amendments to the Resource Conservation 
and Recovery Act of 1976. These amendments have been designed to restrict the 
disposal of hazardous waste on the land. 
According to the new law, the land disposal of a hazardous waste must be 
prohibited unless the United States Environmental Protection Agency (USEPA) 
determines that the prohibition of one or more methods of land disposal of the 
waste is not required in order to protect human health and the environment. 
Land disposal by definition includes underground injection of wastes through 
injection wells. A method of land disposal may not be determined to be 
protective of human health and the environment unless a petitioner demon-
strates that there will be no migration from the disposal unit/injection zone 
for as long as the waste remains hazardous. 
The USEPA must also promulgate regulations specifying levels or methods 
of treatment, if any, which substantially diminish the toxicity of the waste 
or substantially reduce the likelihood of migration of hazardous constituents 
from the waste such that threats to human health and the environment are mini-
mized. "Otherwise banned" wastes so treated are exempt from the ban. 
Within 24 months of enactment (November 9, 1986), the USEPA must publish 
a schedule for making land disposal restriction decisions for all hazardous 
wastes. High hazard/high volume wastes must be scheduled first. The new law 
sets the general framework for the schedule and requires the USEPA to reach 
decisions on one-third of the wastes listed in the regulations within 45 
months (August 1988); the second third of listed wastes in 55 months (June 
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1989); and all remaining wastes within 66 months (May 1990). As new hazardous 
wastes are identified and listed in the future, decisions on land disposal 
must be made within 6 months after listing. 
The proposed regulation dealing with the schedule that the USEPA will use 
to make determinations on land disposal prohibitions of all hazardous wastes 
was published in the Federal Register on May 31, 1985 (p. 23250). The final 
rule is now being developed with a goal to publish it by the statutory 
deadline of November 9, 1986. 
A second proposed regulation dealing with the framework for the regula-
tory program to implement these land disposal prohibitions of hazardous wastes 
was published in the Federal Register on January 14, 1986. A goal has also 
been set to issue a final rule by the statutory deadline of November 9, 1986. 
This proposed regulatory framework, however, does not apply to the disposal of 
hazardous wastes through underground injection wells. Although included in 
the definition of land disposal, later deadlines were established in directing 
USEPA to restrict hazardous waste disposal through underground injection 
wells. USEPA's plan for addressing these restrictions is to be published at a 
later date. 
This chapter briefly summarizes specific regulations adopted by the 
Illinois Pollution Control Board, and the regulatory practices of the Illinois 
Environmental Protection Agency, dealing with underground injection in Class I 
wells in Illinois. Also included is a summary of amendments to the Resource 
Conservation and Recovery Act (RCRA) passed in November 1984, pertaining to 
land disposal of hazardous wastes. 
Certain issues raised in this chapter are summarized and further 
addressed here. These are: 
1) Generators of solid waste must determine if their wastes are 
hazardous using methods outlined in 35 Ill. Adm. Code 721.102. It is 
possible that cases will occur in which a waste not deemed as 
hazardous by strict interpretation of the regulations may, in fact, 
be hazardous. It is our opinion that IEPA should have discretion to 
determine when such cases have occurred, and should then have 
authority to deem the waste in question as being a hazardous waste. 
2) 35 Ill. Adm. Code 704.193 sets forth corrective action requirements 
for improperly sealed, completed, or abandoned wells that penetrate 
the waste injection zone within the area of review of a Class I 
well. The only appropriate corrective action to take for these wells 
is for proper sealing, completion or abandonment procedures to be 
undertaken and completed before injection commences into the Class I 
well. 
3. It is a good well completion practice to require that an intermediate 
casing string to set inside the surface casing to a point below the 
lowermost USDW, and that the annular space outside the casing be 
cemented back to the surface. These requirements have not been 
formalized by the IEPA and perhaps ought to be addressed in an 
official written statement. 
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4) Disposal of radioactive wastes in Class I and Class V wells will 
require further evaluation. A definition of radioactive intensity 
ranges must be established for wastestreams to be injected into the 
subsurface. While injection of low-level radioactive wastes into 
Class I wells is neither currently practiced or proposed in Illinois, 
it is recommended that wastes defined within the specified 
definition(s) of radioactive waste be injected only in Class I wells. 
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Chapter 2 
Disposal Facility Description and Waste Characterization 
Specifications of Class I wells used for disposal, types and characteris-
tics of wastes, potential problems associated with underground waste disposal, 
and monitoring of the waste and injection formation are reviewed in this 
chapter. Candidate wastes for injection into this class of wells fall into 
one of two categories: hazardous or nonhazardous. Most of these wastes are 
generated during industrial, processing, and municipal waste treatment 
activities. Surface runoff and spillage collected from portions of the plant 
property and the process area of many sites is included in the wastestreams. 
The physical and chemical interactions of wastes with all components of the 
subsurface environment require full evaluation to assure safe confinement of 
the injected wastes over an extended time interval. To discuss all potential 
interactions of the waste would require a lengthy treatise. In this chapter a 
cursory approach incorporating a literature review of those predominant reac-
tions which may take place in Illinois UIC disposal scenarios has been 
written. It is hoped that this approach will educate the reader to the poten-
tial problems and complexities of the chemical systems involved in deep well 
injection. 
Deep well injection of wastes in Class I wells has been practiced for 20 
years in Illinois. Monitoring records including chemical analysis for the 
wastestreams are more complete and detailed for the later part of this time 
period. This fact coupled with the relative uniformity of the character of 
the wastestreams injected in these wells allowed selection of the last two to 
five years of record as representative for the life of each well. 
DESCRIPTION OF DISPOSAL WELLS 
The waste injection wells are located in the eastern and central part of 
Illinois (see Figures 1 and 2-5). In addition to these Class I wells, a test 
well located in Du Page County, which did not encounter adequate geologic con-
ditions for waste disposal, and an observation well adjacent to Well F2 in 
Clark County, are also shown on these figures. Figures 2-1 through 2-4 pro-
vide general information on the waste disposal wells including: 1) drilled 
depth and final finished depth, 2) date of construction and initial date of 
injection, 3) formation used for injection and injection interval in feet 
below the land surface datum, 4) geologic units acting as upper and lower 
confining zones, 5) static water level at time of well construction, and 6) 
pertinent comments pertaining to each well. 
An explanatory section describes symbols and patterns used on the well 
profiles. The symbols used for the geologic columns, which are located to the 
left of each well profile, are also included in the explanation. A more 
detailed state-wide geologic column along with a hydrogeologic description of 
the various units is given in Figure 4-3. The symbols for the injection zone 
unit and the upper confining unit have bold face type in red and black, 
respectively. 
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FIGURE 2-1 General information on waste disposal 
wells and explanation of well schematics. 
Q Quaternary 
P Pennsylvanian 
M Mississippian 
Mc Chester Sandstone 
Msi St. Louis Limestone 
Msa Salem Limestone 
D Devonian 
Dna New Albany Shale 
S Silurian 
0 Ordovician 
Om Maquoketa Shale 
Ogp Galena-Platteville Dolomite 
Osp St. Peter Sandstone 
Opdc Prairie du Chien Dolomite 
-£ Cambrian 
-£ep Eminence-Potosi Dolomite 
-£f Franconia Formation 
-£ig Ironton-Galesville Sandstone 
-£ec Eau Claire Formation 
-£ms Mt. Simon Formation 
Pre£ Precambrian 
...... 
........... 
. . . . . . . . . . . 
. . . . . . . . . . . 
.......... 
oCep 
Msi 
Om 
Unconsol idated 
Shale 
Dolomite 
Sandstone 
Limestone 
Granite 
Primary freshwater aquifer 
(0-2,500mg/l) 
Secondary aquifer 
(2,500-10,000mg/l) 
Injection zone 
Caprock (upper) 
Caprock (lower) 
WeIlI.D. 
Al 
A2 
B 
c 
D 
E 
Fl 
F2 
G 
H 
Location 
Drilled depth (ft) 
Total finished 
depth (ft) 
Douglas Co 
5,318 
5,318 
Douglas Co 
5,300 
5,300 
Kankakee Co 
2,774 
2,749 
Putnam Co 
4,868 
4,685 
Douglas Co 
5,524 
5,524 
VermBion Co 
6,684 
4,025 
Clark Co 
2,634 
1,764 
Clark Co 
2,737 
Fayette Co 
2,256 
2,217 
Du Page Co 
4,043 
Date 
Construction 
Initial injection 
3/66-4/66 
8/66 
9/75-1/76 
2/76 
1974 
1/75 
7/66-8/66 
4/68 
5/70-8/70 
9/70 
6/72-10/72 
3/73 
Completed 5/65 
9/65 
11/71-12/71 
3/72 
9/74-10/74 
10/74 
1/67 
Injection formation 
Geologic age 
Injection interval (ft) 
Eminence, Potosi 
Cambrian 
4,894-5,313 
Eminence, Potosi 
Cambrian 
5,002-5,300 
Mt. Simon 
Cambrian 
2,611-2,759 
Elmhurst-
Mt. Simon 
Cambrian 
3,067-4,685 
Eminence-Potosi 
~ambrian 
4,967-5,524 
Potosi 
Cambrian 
3,613-4,025 
Salem 
Mississippian 
1,540-1,764 
Devonian 
Devonian 
2,442-2,737 
Salem 
Mississippian 
2,072-2,192 
Proposed 
lower Mt. Simon 
Cambrian 
Confining zone 
Upper 
Lower 
Prairie du Chien 
Franconia 
Prairie du Chien 
Franconia 
Eau Claire 
Precambrian 
Eau Claire 
Precambri.an 
Prairie du Chien 
Franconia 
Prairie du Chien 
Franconia 
Pennsylvanian 
Shales 
New Albany 
New Albany 
Maquoketa 
St. Louis 
New Albany 
Static 
water 
level 
(ft) 
160 
160 
160 
160 
180 
140 
150 
Tubing replaced in 1971. Temporary backflow problem in 1975 due to CO2 
effervescence; acid concentration reduced to alleviate problem. Well was placed on 
standby status in 1976. 
No known problems since well began operation. 
Well originally drilled for natural gas storage in 1965. Reworked for waste dis-
posal in 1974. Tubing replaced with fiberglass in 1982. 
In 1975, a short length of coated steel in Fibercast tubing string corroded, causing 
lower 100 ft of tubing to fall to bottom of open hole. (Contact with waste caused. 
42 ft of casing to corrode away.) 
Tubing replaced in 1971. Tubing liner failure in 1975 caused corrosion to lower 
50 ft of casing. 
Initial injection zone 5,144-6,684 ft in 1973. Well failure resulted in identification of 
a better disposal zone with adequate caprock. Well reworked and plugged below 4,025 
in 1973. Tubing replaced in 1977, 1981. 
Initial injection into Devonian Ls (2,390-2,634 ftl. Hole collapse caused waste to flow 
into Salem Ls. Well was placed on standby status in 1972, and reworked for Salem 
Ls injection zone. Present tubing stuck in hole. Tube lining failed 1977, temporarily 
clogging hole. 
Hole plugged back to 2,737 ft due to lack of adequate disposal zone at greater depth. 
Observation well installed 1/3 mile north to fulfill permit requirement in 1973. 
Originally drilled as a saltwater-disposal well in 1968. Reworked as a waste-
disposal well in 1974. Reworked again in 1975-76; second annulus added, and 
injection tubing replaced. Tubing replaced again in 1982. In 1982 surface leakage 
required replacement of surface piping. 
Could not demonstrate adequate caprock. In 1969, well was plugged back to 2,130 ft 
and le!.t open as freshwater supply well. 
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FIGURE 2-2 Schematic diagrams of wells A 1, A2, B 
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FIGURE 2-3 Schematic diagrams of wells C. D. E 
Depth 
(ft) 
f----O-
r1,OOO-
Well C 
Putnam Co. 
Total 
dissolved 
solids 
ppm 
425 
2,500 
1,000 
1-4,000- '.' •• ~~~. :.'. 1-61,628_-I~_1 
Kelly Bushing 527.4 ft 
Ground Level 519.4 ft 
~~~ ~ ~1<'.'.\\'I---13 3/8 in. casing ~~ ~ ..... to 300 ft ~~ ~""~\'l----;o 5~~7~n3 ~:sing 
~~ ~~ ~~ t:H<\'fWf---Annulus flushed ~ ~ with freshwater 
1\\ ~ during injection ~~ E:;:;Mt'I¥d---7 in. casing originally ~ ~ to 3,108 ft, corroded 
~ ~ to 3,067 ft 
~\\ ~~ ~~ ~~ ~~ .~~ ~~ ~N----41/2 in. Fibercast ~ tubing to 3,091 ft 
~ 
Well D 
Douglas Co. 
1----
~ '"' 
_.p-
1--- -
Total 
dissolved 
solids 
ppm 
Kelly Bushing 698 ft 
Ground Level 693 ft 
Well E 
Vermilion Co. 
--
----
---
-
r----.,Mv, -
-
---
Total 
dissolved 
solids 
mg/I 
Kelly Bushing 661.8 ft 
Ground Level 647.8 ft 
1::::!.::::I:::m\1W1f--- 133/8 in. casing t}~ ~~ to 224 ft 
1::::ff:\:r::l:::::f~~--9~ 5/8 in. casing 
.1::: ~ to 2,773 ft 
f.~~ ~\' 
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FIGURE 2-4 Schematic diagrams of wells Fl, F2, G, H 
Depth 
1ft) 
f--O-
Well F1 
Clark Co. 
:y:··;~~·:~ 
I·: ~. '. ~: .:.:. :. : .. : .. : .. 
... ... 
-...a.......a.-••• ~
I~:~: 
. . . . . . . . . . 
. ~.p .. ~.. 
---
--
.... 
Total 
dissolved 
solids 
mg/l 
:c 
OtflW· .IEf]§. ~!e]IIY Bushing 632 ft 
Jl1imj;4..:J:fl2~G~rOUnd Level 627 ft 
Annulus filled 
with inhibited 
-- water, also con· ~ ~ tains debris from 
• • •• - ~ ~ collapse of exterior 
-1,000- I-I----·-~-·-.;------ ~ ~ :";;:',:.":"09 
-'- Me '- ~ : K\ to 2,390 ft, milled 
- _ - -- • \ ~ ~ \ out from 1 ,540 to I I ~ ~ 1,764 ft 
I\tsa ~ ~I'! fie ~ 0",-"", ;~. at1,515ft 
I I .~ : 27/8 in. PVC 
-- -- r ~ ~ ~~ lined tubing to 
1- -- - ~ d 1,743 ft; perforated 
-2,000- r- -....l------~ ~ from 1,540 to 
- -- ~ ...... -:-.. 1,743ft 
~~ = ~"" Cement plug from ....... 1,764 to 2,007 ft, resting on mud --==Dna=-=- ( II I :.~~.---~ 
14,0(.0 ._... . .....•.. 
T.D. 2,634 ft 
-3,000-
-4,000-
1--5,000-
Well F2 
Clark Co. 
.......... 
'.' .• \ •.•.•• 'S .•••• \. 
:·:·:·:·P:·:·:·:·:·. 
----
-
--
-=-=-Dna - - ----l, 
Total 
dissolved 
solids 
pp~ 
.. NL -+.. 
HI 
.~ 
Kelly Bushing 639 ft 
Ground Level 627 ft 
95/8 in. casing 
to 1,098 ft 
7 in. casing 
to 2,442 ft 
Annulus filled 
with inhibited 
water 
41/2 in. PVC 
lined tubing to 
2,428 ft, with 
27/8 in. stinger 
to 2,448 ft 
t-r-..... 1 ... n·<---r---LI-i 15,096 _ rshIICBIfI,",-,o\I--- Packer 
I I 
at 2,428 ft 
\\ \\I-_~.\\"\\\~-wt--\' Cement plug from ~ ,\\ 2,737 to 2,990 ft 
... :._._ ..... : .... :: 
Om 
\ \ 
\ 
t----...... . 
1··'-'· ~ ...• -~ .. : ..... . F·P.,. ..~:: .. 
f-'- ... :. 
I.......... ..'-.. ""'-::: ..."i-:.- Mud 
~:~ .... ~ --. 
r·"-":·:::c.::~···· 1--. ._-
\ \ r·:·. 1----- .. .: ..... . 
t\\\\\\\\\\,~wt-- Cement plug from 
~\\\\\\\~ 4,095 to 4,208 ft 
.~,. 
... . ~::.--\ \ 
Opde\ =:-:= .. : ~~:= 
c \ ,., ...... :~._.: 
\ 
\ --. . ...... -= ..=+-- Mud 
. .......... . ........ _. 
•••• _._ ••..•..•••• 0' .. '·· 
\ 
\ \ 
::~::.;,." ... ~-::== 
I-"""l""--l'--"""T-~------ -.. ---:- .. 
\ \ 
10-'-----... -::-::. 
1-.--....... - ..... ~
).~_ ~v 
T.D. 6,007 ft 
Well G 
Fayette Co. 
; :;:; :;: ;: ;: :.: :.: :.: .. ' 
,: '.\' . ~~ ·ft 
P--
Total 
dissolved 
solids 
ppm 
o 
~ ~ ~~: 
Kelly Bushing 615.3 ft 
Ground Level 601.3 ft 
103/4 in. casing 
to 583 ft 
~. 
I--__ ----(II---~ 
~-~ "~'~.:.:.:.". 
7 in. casing to 
2,255 ft, 
perforated from 
2,072 to 2,192 ft 
. :. : '~('" . : 
---r IMS1 " "'110,000 
5 in. casing to 
2,062 ft 
Annuli filled with 
~ inhibited water 
•• ' •• :.' •••••••• ~ 2 1/2 in. Fibercast 
II M+ II 115, 190 I~"\"\I.:.:.:I'.:.:.I ~~ V =~~~~~:of:'032 ft 
~ r--Packer I 102,295 ~~~:;:m:ITiSSS:~ at 2,056 ft 
Bottom of hole 
at 2,256 ft; plugged 
back to 2,217 ft 
Site H 
Du Page Co. 
Kelly Bushing 741 ft Total 
. . 
. . 
.0 ... ' •. eo •• '. 
· ........ . 
• ~ •• ~ ... ' • to. ':' ," ,.' .ff 
• •••• ~ •• I •• ~ •• " •••• ~ 
' ..... 0 ...... t •• 0 " ,. • I·' ; ..... • • • 
- . --
-ems' -
. -
dissolved 
solids 
ppm 
600 
4,304 
37,035 
· - -1----1 
- . -
. - ... 
. .. . .. 
... 
.. . ... 
· . . . . .. 
.' ••••• ' .. '.' : \ 94,940 
Pre-£/ 
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LOCATION OF CLASS I WELLS IN ILLINOIS 
1540-1764 Disposal depth 
Salem Disposal formation 
• Class I well 
o Observation well 
• C 3109-4685 
Elmhurst-
Mt. Simon • B 2611-2759 
Mt. Simon 
E 3613-4025 
/ 
Eminence-~/ Potosi D 4967-5524 A 1 4894-5313 A2 5002-5300 
• G 2072-2192 
Salem 
FIGURE 2-5 
F1 1540-1764 
Salem 
Devonian 
Water quality is identified by two red stippled patterns on each geologic 
column. The Safe Drinking Water Act has reserved all groundwater resources 
with a total dissolved solids (TDS) content of less than 10,000 mg/L for 
existing and potential drinking water use. The primary fresh water aquifers, 
those containing water with less than 2500 mg/L TDS are marked with a heavy 
red stippled pattern. The secondary fresh water aquifers have brackish water 
(2500 to 10,000 mg/L TDS) and are identified with a light red pattern. Note 
that each disposal zone has at least one saline aquifer lying between the 
primary confining interval and the shallower USDW except for the well at 
site B. This well is finished approximately 500 feet below the top of the 
Elmhurst-Mt. Simon Sandstone and is also below the gas storage reservoir in 
the top of this sandstone. 
All wells are equipped with double casing through the fresh water zone. 
The long string is landed at the top of each injection zone. The intermediate 
string in the two oldest wells was landed below the deepest zone containing 
water with less than 5000 mg/L TDS, per regulations established by the State 
Sanitary Board prior to construction of these wells. Shortly after 
construction of the well at site A, the regulations were amended to raise the 
mineral quality limit of the water reserved for drinking water purposes to 
10,000 mg/L TDS. This limit was later adopted under the Federal Safe Drinking 
Water Act. The two oldest Class I wells are on standby use, and Well F1 is 
under consideration for abandonment. Several of the wells have a section of 
corrosion resistant casing immediately above the disposal zone to protect the 
well from reaction with strongly acidic wastes. Acid resistant epoxy resin 
cements have been used opposite the corrosion resistant casing. Most of the 
wells also have a fairly short section of surface casing that has been placed 
opposite local aquifers used as sources of drinking water. 
The cementing program for the wells placed cement opposite each casing 
string to provide an adequate seal against migration of fluids behind the 
casings. Cement was circulated back to the surface for each casing except for 
the long string at site E and both long strings at site B. Cement failed to 
rise more than 900 feet above the base of the intermediate string in well E. 
In well B the construction plans did not call for circulation of cement back 
to the surface on these two annuli. Cement bond logs run in all wells during 
both construction and later testing have indicated adequate cement bond in all 
the wells. The well profiles show the cement as the typical types used in 
disposal well construction and a second group of acid resistant cements. 
Those wells in which cement did not return to the surface have water above the 
cement. Kerosene is typically floating on the water at the well head for 
freeze protection during the winter season. 
The well at site E was reworked in 1973 and completed with acid resistant 
cement between the 5 1/2-inch casing and the 7-inch casing. Acid resistant 
4 1/2-inch casing was also attached to the lower 112 feet of the 5 1/2-inch 
casing string. The two wells at site A also have acid resistant casing 
attached to the base of the long string and these sections of the casing are 
sealed in the borehole with acid resistant cement. 
Each well is fitted with a well head assembly that includes valves and 
monitoring components for the annulus and injection tubing. Collection of 
waste samples may be done at a port in the well head or in the piping between 
the injection pump and waste storage tank(s). Most wells lie in close 
proximity of the waste storage facilities; however, one well lies more than 
1000 feet away. 
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CHARACTERIZATION OF THE INJECTION WASTES 
Liquid wastes generated at seven industrial sites in Illinois are 
disposed of by deep-well injection through on-site underground injection 
control (UIC) facilities. The location of these facilities is shown in 
Figure 2-5. A review of the character of these wastes indicates that three 
general types are disposed of in Illinois. These waste types are 1) alkaline 
wastes (pH ~ 13) containing chlorinated organics, 2) very acidic wastes 
(pH < 3) containing hydrochloric, sulfuric, or hydrofluoric acids with 
variable amounts and kinds of metals and salts indigenous to the individual 
process streams, and 3) moderately acidic wastes (pH 4-7) consisting of 
mixtures of organic components and various chloride and sulfate salts. 8The 
second waste type represents the largest volume of waste with 2.22 x 10 
gallons being disposgd of in 1984. Injectign volumes for waste types one and 
three were 68.0 x 10 gallons and 11.0 x 10 gallons, respectively, in 1984. 
Injection of these wastes occurred either in the Elmhurst-Mt. Simon Sandstone, 
Potosi Dolomite, Devonian limestone, or Mississippian limestone at depths 
ranging from 1540 to 5524 feet. 
The industrial process producing each wastestream, the size of each 
wastestream , and the average concentration for the major waste constituents 
are summarized in Table 2-1. To better assess the variability, makeup, and 
potential environmental hazards of these wastes, a brief description of each 
waste is given below and a tabulation of the wastes' components is given in 
Appendix A. The data used to summarize each of the waste's characteristics 
are based upon monthly reports submitted to the Illinois Environmental 
Protection Agency by the UIC facilities as partial fulfillment of permit 
requirements. The records for the last two to five years of reporting were 
determined to be representative of the wastestreams. To ascertain the 
temporal variability of constituents associated with the injection wastes, the 
standard deviation (S) and coefficient of variation (CV) of the concentration 
for each constituent was calculated. The standard deviation is a measure of 
dispersion about the mean. The coefficient of variation is defined as the 
standard deviation divided by the mean times one hundred, and is especially 
useful when comparing the amount of variation within data sets having 
different means. 
Site A 
The waste from site A is generated as a byproduct from the production of 
extremely fine, high purity, amorphous silica particles and is considered 
hazardous under IEPA, 1984. The waste product is hydrochloric acid (HC1) 
which until 1980 was codisposed with small quantities of acidic starch and 
nitric acid waste generated by other offsite manufacturing processes. 
Currently only the hydrochloric acid waste is being disposed of by deep well 
injection. The limited detailed information available describing the chemical 
makeup of the waste is given in Appendix A. All chemical analyses required by 
the operating permit were run for this wastestream. The injection volume of 
the waste has remained relatively constant in relation t07time (1980-19~4) with total annual gallons injected ranging from 5.52 x 10 to 7.58 x 10 • 
During this same period HCl concentrations in the waste have been reduced from 
an annual mean of 3.20% in 1980 to 0.77% in 1984. This reduction in acid 
concentrations is significant since this waste is disposed of in a dolomite 
aquifer in which the acid is neutralized by the carbonate components of the 
dolomite. This reduction in acid concentration was a safety measure to insure 
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SUMMARY OF WASTES CURRENTLY DISPOSED OF IN CLASS I INJECTION WELLS 
Maxfmum--Peniftted Average Dafly Major Waste Constituents of Concern and 
Industry Wa~!1! Type and Source Inje~tJon Ra~~~Jnject1on Rate Approximate Average Concentrations 
A 
8 
C 
D 
E 
F 
G 
Hydrochloric acid fro. 400 gpm at 50 ps f 180 ,000 ga 11 ons 
s11icon dioxide 400 gprl at 50 psi (standby well) 
production 
Wastes fro. natural gas 30 gpm at 300 psi 15,000 gallons(l) 
scrubbing process 
Hydrochloric acid and 260 gpm at 340 psi 17,500 gallons(2) 
heavy metals from waste 
pickle liquor 
Leachate from gypsum 400 gpm at 250 psi 350,000 gallons 
-waste piles and limited 
production wastes from 
alcohol production 
Hydrochloric acid from 150 gpm at 100 psi 72,000 gallons 
fluorocarbon production 
Caustic process wastes 450 gpm at 616 psi 186,000 gallons 
and contaminated surface 200 gpm at 383 psi (standby well) 
runoff from pesticides 
production 
Wastes from natural gas 40 gpm at 300 psi 20,000 gallons(1) 
scrubbing process and 
waste brine solution 
Hydrochloric Acid (pH < 1) 
Chloride 
Total dissolved Solids (pH 6-8) 
Chloride 
Sulfate 
Magnesium 
Vanadium 
Iron 
Anthraquinone Dtsulfonlc Acid 
Chlorides 
Iron 
Hydrochloric Acid (pH < 1) 
Nanganese 
Copper 
Nickel 
Zinc 
Chromium and Lead 
Total Dissolved SolidS 
Sulfate or Sulfuric Acid (pH 2-3) 
Phosphorus 
Fluoride 
Calcium 
Chromium 
TOC 
Hydrochloric Acid (pH 1-4) 
Hydrofluoric Acid 
Chloride 
Fluoride 
Arsenic 
Niclcel 
TOC 
Total Dissolved Solids 
Chlorides 
Volatile Chlorinated Hydrocarbons 
Sodfum ~droxide (pH - 13) 
Chlordane 
Nonvolatile Chlorinated ~drocarbons 
Total Dissolved Sol Ids (pH 6 - 8) 
Chloride 
Sulfate or Sulfite 
Vanadim 
AnthraquinQne Disulfonlc Acid 
These wastes volumes are highly variable on a seasonal basts, ranging frOM 0 to 40,000 gpd. 
Jbh wastestre. \s generated as a 70,000 gallon batch about once every four days. 
1.01 
1.01 
0.41 
0.11 
600 .... 
6Op,. 
10 .... 
4PPII 
15 p,. 
22S 
141 
2.51 
600 ppm 
25 ppm 
20 ppm 
3.5ppm 
<I ppm 
0.61 
2200 ppm 
600 ppm 
180 ppm 
300 ppm 
<1 ppm 
100 ppm 
3.01 
0.11 
0.81 
0.041 
30 Pplll 
2PPII 
13 ppm 
3.51 
1.71 
14 ppm 
0.41 
0.5 Pplll 
478 ppm 
8.31 
5.01 
100 ppm 
30 PPllt 
21 pplt 
that carbon dioxide (C0 2) and heat evolution generated by the reactions between the acid and carbonate formation minerals would not cause problems of 
oversaturation of CO2 in the aqueous system. Based on monthly data for the last five years, changes in the concentrations of waste components have shown 
the suspended solids to be more variable than HCl or chloride (Appendix A). 
On an annual basis, however, there has been relatively little variability in 
each of the components indicating the wastestream is homogeneous with time. 
Sites Band G 
Sites Band G generate a waste product through the removal of hydrogen 
sulfide (H2S) and formation water associated with the storage and withdrawal 
of natural gas stored in underground formations. This waste is considered 
nonhazardous under IEPA, 1984. Additional formation water is removed 
seasonally from above the natural gas reservoir cap rock interval to maintain 
a positive hydraulic gradient from the reservoir to the sandstone lying above 
the cap rock. The pressure gradient minimizes contamination of the reservoir 
gas with H2S contained within the cap rock. The development of a hydraulic gradient results in a controlled loss of natural gas from the reservoir which 
is recovered, processed to remove the H2S, and reinjected into the 
reservoir. At site G, some formation water is also removed from below the gas 
bubble in the natural gas reservoir in order to regulate pressures within the 
reservoir. Water from this removal constitutes as much as 75% of the total 
volume of waste injected at site G. However, at site B the formation water 
removed from above the caprock is of such quality «10,00Omg/L TOS) that it is 
not necessary to inject this water back into the waste disposal formation and 
thus the injection volume at site B is smaller than at site G. 
The tabulation of data from the monthly reports indicates that over 50% 
of the waste samples analyzed during a five year period, 1980-1984, had pH 
values between four and seven. The major components of the waste at site B 
based on relative concentrations (mg/L) over the two year period, 1983-1984, 
are Na > Cl > S04> Ca > Mg > ADA (anthraquinone disulfonic acid) > V > B 
> F. The waste components and their relative concentrations are similar at 
site G; however, chloride is found in greatest concentrations at site G, which 
reflects both the larger volume of formation water included in the wastestream 
and the high chloride concentration of the formation water. The absolute 
concentrations of such constituents as Ca, Cl, Mg, V, ADA at site G are 
generally 2 to 505times greater5than at site B. The average monthly injection volumes, 5.4 x 10 and 6.0 x 10 gallons for sites Band G, respectively, are 
similar. Seasonal variability in the waste composition appears to be a 
function of natural gas demand from the reservoir during the heating season 
and gas storage during the rest of the year. The controlled escape of natural 
gas through the cap rock and its subsequent capture at site B and the 
regulation of reservoir pressure at site G are related to natural gas demand 
and ambient temperature - generally a seasonal relationship. Constituents in 
the wastestream generated by the H2S removal process (ADA, S04' V) have CV 
values ranging from 65% to 100%, while the other constituents have CV values 
between 10% and 45%. 
Site C 
Pickle liquor wastes generated by the processing and finishing of steel 
are disposed of by deep well injection at site C. These industrial processes 
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generate ferrous chloride and hydrochloric/chromic acid (1.93%) solutions, 
whose pH values are less than 1.0. This waste is considered hazardous under 
IEPA, 1984. The relative concentrations of constituents in the waste are 
Cl > Fe > Mn > Cu > Ni > Zn > Cr. The absolute concentrations for Cl and Fe 
are in the 14 to 22 percent range with most other constituents less than 
25mg/L (.0025%) (see Appendix A for exact concentrations). This waste is 
relatively homogeneous with time (CV values < 15%) as would be expected since 
the processing of steel requires constant conditions for product uniformity. 
Site D 
The major source of liquid waste at site D is surface runoff and 
leachates that are collected in ponds surrounding waste gypsum piles. These 
piles were generated in past site operations during the chemical processing of 
rock phosphate to phosphate fertilizer. This site has discontinued production 
of phosphate fertilizer and is currently producing a medicinal grade alcohol. 
The liquid waste is characterized by a low pH (2.6) and is considered non-
hazardous under IEPA, 1984. The low pH is associated with H2S04 which is 
estimated at 1.5% in the wastestream. The relative concentrations of con-
stituents in the waste are S04 > Na > P > Ca > F > Mg > Cl > K > Hg. The 
range in concentrations is from 2500 mg/L for S04 to several hundred 
milligrams per liter for Na, P, Ca, F, and Mg. Waste products from on site 
laboratory facilities account for the mercury (Hg) in the waste. These Hg 
concentrations are in the tenth of a part per billion range. The waste is 
relatively homogeneous with CV values between 10% and 25%. The variation in 
waste concentrations may be attributed to seasonal fluctuations in climatic 
conditions. Since this waste is principally a leachate, heavy precipitation 
events can cause variation in both concentration and volume of leachate 
emitted from the gypsum piles. 
Site E 
The waste at site E is an acidic byproduct from the manufacture of 
fluorocarbons and is considered hazardous under the IEPA, 1984. The pH «4) 
is a reflection of the waste being a HCl and HF mixture with the average 
concentrations being 2.96% and .086% respectively. The relative concentra-
tions of major components in the waste are Cl > NaF > As > total organic 
carbon> Ni. The average concentrations in the waste are: chloride-7,300 
mg/L (occasionally can be as great as 59,000 mg/L), sodium fluoride-930 mg/L, 
arsenic-30 mg/L, and total organic carbon (TOC)-13 mg/L. Depending on the 
type of organic constituents contributing to the TOC, the organic fraction of 
the waste may pose more potential hazard than the acidic nature of the waste. 
Identification of these organic components is necessary to ascertain the 
IIrealll potential hazard of this waste. The wastestream appears to be 
variable: differences between minimum and maximum concentrations vary by 
factors of 10 to 100, and CV values range from 30% to 100% for the various 
waste components. 
Site F 
The hazardous waste at site F includes production wastewater and surface 
runoff water from on-site process areas. Runoff water comprises approximately 
75% of the total volume of waste. Chlorinated pesticides for agricultural 
application are produced at this site. The disposal waste is highly alkaline 
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(pH> 13) and in addition contains pesticides and other chlorinated hydro-
carbons. The relative concentrations of constituents in the waste are 
NaCl > NaOH > hexachlorocyclopentadiene (hex) > chlordane. The range in 
concentration of the inorganic fraction of the waste is from 0.2% to 12%. The 
organic fraction has concentrations from a tenth of a milligram per liter to 
several hundred milligrams per liter. This waste is quite variable with most 
CV values equal to 100% and differences between minimum and maximum values 
generally vary by factors of 10 to 100. A significant portion of this 
variability is related to precipitation frequency and intensity. 
WASTE INTERACTIONS IN UIC DISPOSAL FORMATIONS OF ILLINOIS 
Direct monitoring of the injection formation to assess chemical inter-
actions has not been done in Illinois. Industrial methods, such as monitoring 
of well injection and annulus pressures at the well head are currently the 
only means to ascertain if reactions which are detrimental to the performance 
of the well are taking place. To date, the well monitoring parameters have 
indicated no serious reactions have/are taking place at any of the injection 
wells. To exemplify the current monitoring activity, Figures 2-6 and 2-7 
illustrate injection and annulus pressure, respectively, of four injection 
wells for a five year period. The figures were developed by averaging the 
maximum monthly pressures on a quarterly basis and plotting the average 
relative to time. The relatively constant pressures suggest that if reactions 
are occurring between the waste and formation minerals and water they have not 
been deleterious to well performance. This type of monitoring is only 
reflecting those reactions which effect well performance and do not indicate 
if/or what other reactions are taking place. 
As the issues of deep well injection have increased in public awareness, 
questions as to the significance of chemical interactions under formation 
conditions has arisen. However, before this awareness developed, there was 
little impetus by either industry or regulatory agencies to study formation 
interactions in detail. Thus, there are few insitu data availabile indicating 
the character of the waste and formation interactions. Sampling technologies 
and protocols are now being developed and studies proposed to collect repre-
sentative formation samples and model these reactions. The following in-
formation, synthesized from the literature, is an important first step for the 
reader in gaining an understanding of the potential reactions, complexities, 
and resulting problems which can take place in waste injection zone 
environments. 
INJECTION WASTE--FORMATION INTERACTIONS 
Injection of wastes into any disposal zone has the potential for a 
certain degree of interaction between the waste and the native groundwater 
and/or minerals in the earth materials of the disposal zone. Demonstration of 
compatibility of the waste with components of the proposed disposal zone is 
required as part of the Feasibility Report submitted with the permit apppli-
cation. However, the types of experimental results submitted in the past 
would fail to detect any but the most immediate and obvious evidence of 
interaction between formation material and injected waste. Interactions 
between the waste and components of the disposal zone may be beneficial, 
neutral, or deterimental to the waste injection practice and therefore affect 
both the safety and efficiency of the disposal well. 
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FIGURE 2-7 
Problems in disposal systems outside Illinois have generally arisen from 
two sources: 1) mechanical failures in the well or 2) failures induced by 
chemical/physical interaction of the waste with components in the disposal 
zone. The mechanical failures include faulty well construction or inadequate 
well operation. Failures due to waste properties are considered in the 
following paragraphs. These failures involve interactions between the 
injection waste and the disposal formation minerals and/or interstitial 
water. Failures also involve the potential mobility of waste constituents as 
they move through the disposal formation. 
The disposal of wastes by deep well injection in Illinois is basically 
into either sandstone, limestone or dolomite aquifers. The mineral compo-
sition of these aquifers has been summarized by Warner and Lehr (1977). A 
typical sandstone aquifer may consist of 68.8% Si02 (quartz), 11.5% feldspars, 11.1% carbonate minerals, 6.6% micas and clays, 1.8% iron oxides and 2.2% 
other minerals. Roedder (1959) stated that sandstones containing less than 
0.1% clay minerals may not exist anywhere in the United States, except for 
small deposits of exceedingly pure glass sand. Limestone and dolomite 
aquifers are primarily calcium or magnesium carbonates but may contain as much 
as 50% noncarbonate constituents or clay minerals. The relative potential for 
these minerals to react with the injection wastes follows the general trend of 
clays ~ carbonates> feldspars> micas> quartz. 
Studies by Mungan (1965), Bayazeed and Donaldson (1973), Nuttig (1943), 
Roedder (1959), and Warner and Lehr (1977) identified potential problems 
associated with waste and formation interactions such as: 1) changes in pH and 
ionic strength, 2) destruction of physical bonding of clay particles, 3) 
chemical solution of various clays 4) dissolution/precipitation, and 5) 
adsorption or exchange. These reactions, which could cause pore blockage, 
changes in the character of the waste, and reduce rates of movement for some 
waste components, were considered because they are the most prominent and 
could have detrimental effects on the injection potential of the formation. 
However, it has also been noted that reactions such as dissolution can have 
beneficial effects on the injection potential of the formations by increasing 
their effective porosity. 
Water sensitivity analyses of sandstone core samples from the Mt. Simon 
Formation, a current disposal formation in Illinois, showed a slight decline 
in permeability when a brine solution was injected into the core samples. The 
observed decrease in permeability was attributed to blockage of small pores by 
dislodged particles. Injection of demineralized water into the cores resulted 
in a 47% loss in permeability (Bayazeed and Donaldson, 1973). Mungan (1965) 
and Jones (1964) have shown in separate studies that changes in ionic strength 
and pH cause small pores to be blocked by particles which are dislodged by 
dispersion of clays or by dissolution of either calcareous cements by acids or 
silicious cements by alkaline solutions. Pore blocking and the resulting 
decreases in formation permeability can be reduced or eliminated by the 
introduction of divalent cations and incremental changes in solution ionic 
strength of the wastestream. Differences in clay properties govern the degree 
to which the permeability of a formation will be affected; montmorillionite, 
illite and kaolinite have progressively lesser effect on causing a change in 
permeability. These conditions can be expected in some of the saline 
sandstone aquifers of Illinois. 
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The interactions of injected wastes with carbonate minerals are 
especially significant for those acidic wastes being injected into dolomite 
and limestone formations. The prevalent reaction between such wastes and 
disposal formations in Illinois is the dissolution of calcium or magnesium 
carbonate. This dissolution forms water, carbon dioxide, calcium or magnesium 
chlorides, sulfates or fluorides with the ultimate neutralization of the 
acid. Roedder (1969) reported formation of gels when calcium carbonate 
reacted with an acid; however, it was suggested that, due to temperature and 
pressure differences at the injection zone depth, variations in dissolution 
rates of CaC03 may occur and alter gel formation. Carbonate rock units that become oversaturated with carbon dioxide as well as with certain of the 
calcium salts may develop a decrease in formation permeability if a 
significant amount of gel forms. At present, acid wastes that are disposed of 
in carbonate formations in Illinois have caused no serious changes in 
formation permeability as monitored by injection and annulus pressures. 
A case study of injection waste effects on the formation minerals was 
described by Champlin and Brownlow (1967) and Bayazeed and Donaldson (1973). 
They injected simulated wastes similar in composition to the waste generated 
at site C into sandstone cores from the Mt. Simon Formation. A mixing zone 
occurred at the interface between interstitial and injected fluids with iron 
being the major component that adsorbed onto the sandstone. Following the 
waste front there were areas in which the acid was neutralized by reactions 
with the sandstone and its cementing agents. Also following were areas of 
iron depletion caused by combined adsorption and precipitation. It was 
concluded that: 1) reactions of the acid with the sandstone formation will 
increase the porosity and permeability of the sand and offset any plugging 
effects from iron deposition in the formation pores, and 2) long term storage 
of the waste in the formation will neutralize the acid. Selm and Hulse (1960) 
noted, to the contrary, that iron trends to cause plugging of sand formations 
and has been the direct cause of the failure of many injection wells. ~1oni­
toring data from site C have shown no significant changes in the injection 
rate and only a small increase in injection pressure during the 19-year life 
of this well. 
There are many other possible inorganic reactions between injection 
wastes and primary and secondary formation minerals. ~1inerals such as gypsum 
(CaS04) and limonite (hydrated ferric oxides) are known cementing agents for 
sandstones which, upon their dissolution and reprecipitation, can cause pore 
blocking. Reactions of feldspars and micas with acidic solutions are 
generally slow, with the release of potassium or sodium. 
The reaction of organic constituents with formation minerals is more 
uncertain than are those involving inorganic constituents. In the Illinois 
disposal scenario, data have not been presented by the industries which 
utilize UIC for disposal of organics illustrating insitu chemical reactions of 
the organic compounds contained in wastes Generally, polar organic compounds 
are readily adsorbed onto clays and silicates. Warner and Lehr (1977) noted 
that problems relating to permeability reduction by adsorption of polar 
organics are normally more severe in sandstone than in carbonate formations. 
This topic is discussed in more detail in a later section dealing with 
pollutant mobility. 
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Because of the myriad of waste formation interactions and the variability 
of downhole conditions, problems that may occur in the formation must be 
considered before injection. Compatibility and water sensitivity studies have 
been developed (Hewitt 1963, Stiff and Davis 1952a,b) to help in diagnosing 
potential problems. Compatibility studies conducted by deep well operators at 
the time of initial well permitting indicated there were no significant 
incompatibility reactions to be expected. Monitoring data from the seven well 
sites continue to show no significant plugging of the injection zones. 
INJECTION WASTE--INTERSTITIAL WATER INTERACTIONS 
One of the requirements for a formation to be acceptable as an injection 
zone is that the interstitial water has a total dissolved solids (TDS) 
concentration greater than 10,000 mg/L. The injection zones currently in use 
have waters with TDS concentrations ranging from 14,000 to 61,000 mg/L. These 
interstitial waters are characterized as saline solutions having sodium and 
chloride concentrations of one to four percent. Major accessory components in 
these saline solutions are calcium (Ca), magnesium (Mg), and sulfate (S04) 
with iron (Fe), zinc (Zn), boron (B), nitrate (N03) and silica (Si) in trace 
amounts. The injection wastes have TDS concentrations ranging from 1051 to 
332,159 mg/L based on injection data for 1984. Where data are available for 
comparison, the wastes have lower pH values, lower Ca, and Mg concentrations, 
and higher C1 and S04 concentrations than the formation waters. 
Chemical incompatibility between formation and injection waters occurs 
when chemical reactions between the two liquids cause gas evolution, 
precipitation or some type of deposition. Selm and Hulse (1960) and Headlee 
(1950) classified these reactions as physical and chemical. Physical 
reactions involve changes in temperature, pressure, evaporation and con-
densation which can lead to precipitation, dissolution of solids, or evolution 
of gases. The most common chemical reactions involve the precipitation of: 1) 
alkaline metals such as Ba, Ca, Si, typically as carbonates and/or sulfates, 
2) metals such as Al, Cd, Cr, Fe, Mn, Ni, Zn, As, Hg, Pb in the carbonate, 
hydroxide or sulfide forms, and 3) organics through polymerization. 
Oxidation-reduction reactions may involve chemical as well as biological 
interactions and are important in the geochemistry of injection and formation 
liquids. 
Some gases held in solution in either the formation fluid or the waste 
will come out of solution and develop a separate gas phase in response to 
certain temperature and pressure changes. Above the critical temperature for 
some gases the gas cannot be held in solution. CO2 is representative of one 
such gas and is a major product of acid neutralization in carbonate rocks. 
Con-trolling of temperature in the disposal zone below the critical 
temperature for this gas and reducing the acid concentration in the waste to a 
level that does not produce gas saturation after the acid has been neutralized 
have been found to be adequate in controlling CO 2 effervesence (Crews, 1985). Pressure appears to control physical properties of the liquid phase of 
some waste components. For example, C57 , which readily plugs filters at 
atmospheric pressure, readily flows into the disposal zone, a fractured porous 
medium, where the bottom hole pressure is much greater than atmospheric 
pressure (Brown, 1985). 
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Chemical reactions are complex and may involve several simultaneous 
processes, i.e., redox, pH changes, adsorption between the injection and 
formation fluids and the formation minerals. In addition, many reactions are 
affected by changes in physical parameters as well, particularly with the 
elevated temperatures and pressures of disposal zones. The reactions of the 
alkaline earth and heavy metals with carbonates and bicarbonates are generally 
caused by changes in the equilibrium between CO 2, HC03 and C03• Such 
equilibrium changes can result in the precipitation of the carbonates or 
bicarbonates of divalent cations such as Ca, Mg, Fe, or Mn. 
Oxidation-reduction reactions commonly occurring in deep well injection 
scenarios involve the oxidation of H2S by some oxidizing agent associated with the injection fluid. A common reactlon is the oxidation of H2S by chromium 
compounds which are commonly used in cooling water treatment. The oxidation 
of ferrous iron by dissolved oxygen or by changes in pH can result in the 
formation of ferrous hydroxide which is relatively insoluble. Bacteria such 
as sulfate reducing bacteria are common in formation and injection fluids. 
These bacteria reduce sulfate to sulfides which can subsequently cause 
precipitation of insoluble ferrous sulfides and sulfur. Biocide is injected 
during each disposal cycle at site C. 
The interactions that may take place between injection and formation 
fluids as well as formation minerals are site specific. Analyses of the 
formation and waste fluids to ascertain their chemical compositions are a 
necessary first step to determine their compatibility. There are predictive 
methods available to determine interactions between certain aqueous components 
(Stiff and Davis 1952a & b) as well as chemical equilibrium models to predict 
the theoretical activities of aqueous species and to calculate the saturation 
indices for selected minerals (Truesdell and Jones, 1974; Plummer et al., 
1976; Ball et al, 1979). Laboratory compatibility studies are also infor-
mative in predicting injection and formation fluid interactions, and are 
probably not only more practical but have better predictive value than 
equilibrium models. 
Current UIC facilities in Illinois have performed compatibility studies 
to determine interactions between their specific wastes and injection zone 
minerals and water. These studies involve batch type experiments where 
various percentages of the waste are mixed with either actual or simulated 
formation waters. These solutions are allowed to react and are evaluated for 
the amount and type of precipitate formed. The waste is also passed through 
samples of formation materials to determine gas evolution, plugging of pores 
with reactants, and other waste/disposal zone mineral reactions. Compati-
bility studies are generally short in duration and not performed under 
temperatures and pressures associated with the injection zone. Minimal 
experimentation has been performed using column studies where waste is 
percolated through actual formation cores. Further research is needed to 
develop standarized methods to determine waste interactions with formation 
water and formation minerals. Compatibility studies conducted for the seven 
waste disposal sites in Illinois showed no significant incompatibilities. 
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MOBILITY OF INJECTED WASTES 
Three factors govern the mobility of wastestream components in geological 
formations: 1) the mobility of the pollutant molecule relative to that of the 
water which is carrying it (diffusion rate), 2) the extent to which the 
component adsorbs onto or reacts with the solid material forming the surfaces 
of the pores through which it moves, and 3) the extent of travel of the 
formation water which carries the pollutant. The first factor, while some-
times important in the slower flow of unperturbed aquifer systems (fraction of 
an inch per day to less than a few inches to a few feet per year), can be 
considered negligible over the initial life period of the well when compared 
to the velocity at which the underground waste front moves radially from the 
borehole in a deep injection well. The initial velocity may be on the order 
of a few to ten feet per day but the velocity progressively decreases and near 
the end of the normal life expectancy (20 yrs) of the disposal well the front 
advances radially from the well at only a few tens of feet per year. 
The second factor serves to retard the flow of waste components relative 
to the advancing water front, because each component spends part of its time 
associated with the stationary solid phase rather than moving freely with the 
liquid phase. For inorganic materials such as heavy metals, this retardation 
by ion exchange occurs primarily by ion exchange with clay minerals. This 
retardation may initially slow some components by orders of magnitude relative 
to the advancing water front (Griffin et al., 1980). While this effect can be 
important in clay-rich surficial soils, it may be less important in most 
injection formations where the amount of clay materials present may be small, 
and therefore have a limited adsorption capacity. Thus, after the clay at a 
given position in the disposal zone is IIsaturated ll with the component, no more 
component is retained and IIbreakthroughll occurs. The breakthrough front also 
moves radially away from the well bore. For a very concentrated solution of a 
given waste component, this breakthrough may be almost immediate whereas for a 
dilute solution the rate movement of the breakthrough front may be very slow. 
Movement of organic components such as pesticides or solvents may be 
retarded by adsorption to the formation materials. The extent of adsorption, 
and thus the reduction in migration velocity of relatively insoluble organic 
material, that is, organic material which is present in an amount which 
exceeds its water solubility, may physically coat the solid material and thus 
be considerably retarded in its movement. This situation, however,is usually 
undesirable in deep well injection since it also frequently results in a 
decrease in permeability of the formation, necessitating higher injection 
pressures. The mobility of water-soluble organic compounds, in contrast to 
that of slightly soluble ones, tends to be the same as the water itself 
(Sutton and Barker, 1985) so that a range of behaviors from strong retention 
to almost no retardation of the pollutant can be encountered, depending upon 
the water solubility of the organic chemical and the clay content of the earth 
materials through which the waste components pass. 
Perhaps more important than the adsorption characteristics of waste 
components onto formation materials, however, are the porosity characteristics 
of the formation into which the wastestream is being injected. The infor-
mation cited in the preceding paragraphs is generally obtained from laboratory 
experiments using columns packed with fine-grained, relatively homogeneous 
material and is thus applicable only to isotropic porous media. Actual 
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injection formations frequently consist of anisotropic porous media or 
fractured rock. In the latter, the waste components in the relatively large 
channels may have difficulty reaching a solid surface at which they have 
opportunity to undergo adsorption or ion-exchange reactions. In addition, the 
surface area seen by the liquid waste is considerably reduced over that 
encountered in the case where the waste is passed through a fine- or medium-
grained porous media. This can, in turn, considerably reduce the retardation 
factors discussed previously and makes prediction of retardation factors 
practically impossible for those situations (Freeze and Cherry, 1979). Thus, 
the only safe assumption for fractured media is that the waste components move 
with the velocity approximately equal to that of the advancing water front. 
For anisotropic porous media, the retardation is expected to fall somewhere 
between these extremes. 
An exception to the above is the case where a rapid chemical reaction 
occurs between a waste component and formation material, in which both are 
transformed to other substances with different properties. The most important 
example is the neutralization reaction between acid wastes and carbonate rocks 
(limestone or dolomite) that produces salts. While the salts may be soluble 
and quite mobile, moving at the velocity of the water itself, the property of 
acidity is retarded, advancing at the rate at which it fails to be neu-
tralized. Thus, while injection of acid wastes may be of concern from a 
potential subsidence viewpoint, creating larger crevices and cavities by 
dissolving away formation material as the waste flows past the surfaces of 
these solution features, their acidity is being neutralized by the formation. 
A final word should be said about fractured media used as injection 
formations. The calculations frequently used to determine the area of review 
assume that injection takes place in a porous isotropic medium, that is, a 
porous medium having equal porosity and permeability in all directions. 
Crevices and channels present in fractured media can cause significant 
channeling of waste components along the trend direction of these features. 
Flow thus con cent rated along fractu re t rends has the i ncreased( poss i bil ity of 
causing wastes, displaced formation water, and the injection pressure front to 
migrate beyond the position calculated for flow in an isotropic, homogeneous 
porous medium. Under such conditions of anisotropic and nonhomgeneous flow 
the extension of the pressure front beyond the radius of review before the end 
of the established life expectancy of the well may generate a potential risk 
for USDW. This risk is associated with any unplugged or improperly abandoned 
wells in the area outside the radius of review that could compromise the 
integrity of the immediately confining zone when the injection pressure causes 
the piezometeric surface in the disposal zone to rise above the piezometric 
levels in the USDW. The procedure for calculating the area of review should 
be modified to incorporate the anisotropy and nonhomogeneity of the rocks 
making up the disposal interval. 
POTENTIAL FOR CONTAMINATION fROM SURFACE SPILLS 
The UIC regulations and regulatory practices have enforcement juris-
diction over wastestreams injected into Class I wells beginning essentially at 
the well head and extending down the well to wherever the waste goes. All 
above ground equipment necessary for well operation is also covered under UIC 
regulations. Upstream from the well head, in the piping, storage, and waste 
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generating facility, RCRA regulations are enforced. Most spillage above 
ground is covered under RCRA regulations; however, leakage from the well head 
or an occurrence of back flowing of a well when the well head is disassembled 
for repairs could impact the surface environment in the immediate vicinity of 
the well head. The following discussion describes the surface and near-
surface conditions at each of the seven deep well sites and the expected 
direction of movement of spilled waste fluid. Since public water supplies 
could be impacted by a spill, a brief description is given for nearby public 
water supply wells. The spillage or leakage of waste from the well head is 
never expected to be large in volume or frequent in occurrence. Several wells 
have spill collection facilities surrounding the well head. 
Leakage of waste from the well head assembly at each Class I site 
represents a potential source of contamination for shallow aquifers present in 
the deposits beneath disposal sites. The potential for contamination is 
governed principally by the size of the spill, the character of the waste, and 
the nature of the deposits lying between the land surface and the aquifer. 
This evaluation of the potential for contamination deals only with the nature 
of the earth materials beneath each disposal site. It is based on the 
description of material that has been taken from well logs, soils maps and 
reports, and a map entitled "Potential for Contamination of Shallow Aquifers 
from Land Buried of Municipal Wastes" (Berg et al., 1984). 
The potential for contamination has been assigned a relative range based 
principally on the permeability and thickness of the surface deposits above 
the shallow aquifer(s): 
I. Permeable deposits extend downward from the land surface to the top of 
the aquifer; there is a high potential for contamination; spill 
catchment facilities are highly recommended. 
II. Permeable and moderately permeable deposits overlie an aquifer located 
30 to 50 feet below the surface; there is a high to moderate potential 
for contamination; spill catchment facilities are recommended. 
III. Moderately permeable and slowly permeable deposits overlie an aquifer 
located 30 to 50 feet below the surface; there is a moderate to low 
potential for contamination; spill catchment facilities are advisable. 
IV. Slowly permeable and some moderately permeable deposits overlie an 
aquifer located 30 to 50 feet below the surface. 
V. Slowly permeable materials overlie an aquifer that is buried more than 
50 feet below the surface; there is a low potential for contamination. 
Sites A And 0 
These two sites, which are located on adjacent properties in the same 
section of land, have been combined for description of the surface and near-
surface deposits. There is a total of three disposal wells on this site. 
The soils that have developed in this area consist of the Drummer silt-
clay loam and the Elburn silt loam. The Drummer consists of deep, poorly 
drained soil that has developed on a level to gently undulating surface along 
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drainageways. The Elburn is similar in character, exhibits slightly better 
drainage and is located on slightly higher ground. Permeabilities are 
moderate but artificial drainage is necessary in some areas for good crop 
production. These soils have neutral to slightly basic pH values in the 
lowest lying areas to slightly acidic in the topographically higher areas. 
The parent materials consist of about 60 inches of loess, a windblown 
material, overlying the Batestown Till Member of the Wedron Formation. Older 
till units and a thin but continuous sand and gravel (in the depth interval of 
75 to 100 feet) complete the complement of glacial deposits in the area. A 
north-trending tributary of the Pesotum bedrock valley accounts for the nearly 
200 feet of glacial deposits beneath these sites. 
The glacial deposits provide the bulk of the water supplies for farms and 
residences in the area. Surface drainage moves westward and southwestward 
toward the Kaskaskia River. Groundwater moves very slowly downward and then 
westward toward the Kaskaskia in both the glacial deposits and the shallow 
underlying bedrock. 
The bedrock consists of shale and some thin, interbedded sandstone and 
limestone beds. These rocks of the Pennsylvanian-age Mattoon Formation pro-
vide a limited source for small water supplies and are tapped only when 
supplies cannot be obtained from the glacial deposits. Water quality begins 
to deteriorate rapidly about 50 feet below the top of the bedrock surface. 
Figures 2-2 and 2-3 show generalized profiles of the geologic units and 
distribution of the primary drinking water sources. 
The character of the surficial deposits places the potential for 
contamination of the shallow aquifer in category V. 
The City of Tuscola obtains approximately half of its public water supply 
from wells finished in Silurian and Devonian dolomites at depths ranging from 
460 to 696 feet. These wells are located on the west flank near the crest of 
the La Salle Anticline. The Devonian and the underlying Silurian, known as 
the Hunton Megagroup, lie at or near the bedrock surface in the vicinity of 
the city well field but are buried more than 2500 feet below the land surface 
at Sites A and D which are located about three miles to the west. Highly 
mineralized water (12,460 mg/L) was sampled from the Silurian during con-
struction of Well No.2 at Site A. The interface between fresh water and 
highly mineralized water is expected to lie on the lower flank of the 
anticline some distance east of these sites. A thick sequence (1600 feet) of 
low permeability rock units and an interbedded aquifer separate the Silurian-
Devonian from the disposal zone in the Eminence-Potosi Dolomite. 
Tuscola supplements its groundwater supply by purchasing about half of 
the water needed to serve its customers from the U.S. Industrial Chemical 
Company. This company operates a side-channel reservoir and treatment plant 
on the east side of the Kaskaskia River. Surface drainage from Site A and the 
process area of Site D enters the river south of the reservoir; however, the 
waste storage piles and ponds at Site D lie northeast of the reservoir. All 
surface drainage from the waste storage piles and the immediately surrounding 
area is diverted into the surrounding waste storage ponds and is then dis-
charged into the disposal well. 
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Site B 
The drainage rate of ponded water moving through the soils of this area 
is moderate. The rolling topography allows excess surface water to move 
quickly toward drainageways which are tributary to East Branch Horse Creek. 
The Symmerton, Andres, and Reddick soils have developed on the knoll crest, 
slope, and lower slope-drainageway, respectively, at the well site. The 
parent materials are a thin loess (less than 20 inches) overlying the 
Yorkville Till Member of the Wadsworth Formation. Locally, this till is very 
clayey and it contains small lenses of sand and gravel. Soil permeabilities 
are moderate on the knoll at the well site and moderately slow in the 
drainageways on the south and north. The glacial deposits have a thickness of 
about 50 to 80 feet. Only one domestic well of record is finished in the 
glacial deposits in the immediate vicinity of the disposal well. 
The shallow bedrock consists of Ordovician-age shales and dolomites. 
These units, where water-yielding, are the principal sources for residential 
and farm water supplies. The Maquoketa Shale Group forms the bedrock 
surface. A very limited potential for water supply exists in the shale; 
dolomite intervals in this unit may provide small supplies. The principal 
source for water supply, the Glenwood-St. Peter Sandstone, lies below the 
Galena-Platteville Dolomite Groups in the depth interval of 550 to 800 feet. 
The Village of Herscher, which lies on the crest of an elongate north-south 
trending structural dome, obtains its water supply from five bedrock wells 
open to the Galena-Platteville dolomites and St. Peter Sandstone. These wells 
lie east of the village and about 1 1/2 to 3 miles north and east of the 
disposal well. Small groundwater supplies in the area are obtained from 
crevices in the dolomite. In the shallow deposits groundwater moves downward 
and in a north-easterly direction. Regional shallow groundwater flows toward 
the north. Surface water runoff from the well site moves eastward and then 
northward adjacent to the sites of several village wells. Flow conditions in 
East Branch Horse Creek are such that no waste which might enter the surface 
drainage system would percolate from the stream bed and enter an underlying 
shallow aquifer. 
The potential for contamination from a significant well head leakage 
event at site B is rated as a category IV. 
SITE C 
The drainage of ponded surface water through the OINeil silt loam is 
moderate to rapid at this site. This soil has developed on the Mackinaw 
Member of the Henry Formation and exhibits very rapid permeability and a pH 
level in the moderately acidic range. The sandy Mackinaw Member is relatively 
thick and overlies one or more sandy outwash deposits. The combined thickness 
of these sands is 100 to 130 feet. The basal sand unit is the Sankoty Sand 
Member of the Banner Formation. These sands represent a major aquifer in the 
area that is capable of yielding moderate to large supplies to wells 
penetrating them. The Sankoty Sand partial fills the bedrock valley of the 
Ancient Mississippi drainage system. The overlying Henry Formation was 
deposited during the last episode of glaciation that sent meltwater down the 
Illinois River Valley. Once percolating water passes through the thin silty-
clayey soil zone covering the Henry Formation it moves rapidly downward to the 
water table zone in the Henry. The water table lies at or slightly above the 
2-24 
flow stage on the Illinois River. The river is located about one mile to the 
west. Surface drainage that does not percolate into the soil moves westward 
toward the river. 
Most wells in the area including those for the City of Hennepin are 
finished in the sand and gravel aquifer. General groundwater flow in the 
vicinity of the disposal well is downward to the water table and then westward 
toward the river. Large producing wells in the area may alter this general 
flow direction as their drawdown cones traverse across the area of the well 
site. An extensive system of leak collecting gutters beneath the piping and a 
sump pit around the well head are capable of intercepting leakage and spillage 
in the vicinity of the well head. 
The shale bedrock of Pennsylvanian age and the carbonates of the Hunton 
Megagroup underlying the Pennsylvanian lack adequate yield potential and water 
quality to be considered significant sources of drinking water. 
The nearest public supply well, Hennepin Well No.5, is located about 
one-half mile to the west (downgradient) from the disposal well. The City of 
Granville obtains its supply from two bedrock wells finished in the St. Peter 
Sandstone at depths exceeding 1700 feet. A pipeline from Granville supplies 
the Village of Mark with water. A water supply well under consideration for 
completion in the Sankoty Sand has a tentative location north or northwest of 
Granville. Any significant spillage in the vicinity of the disposal well 
would move in the direction of the Hennepin wells and could pose a potential 
threat to this public water supply, but should not endanger the deep well 
supply at Granville. However, it should be noted that the very high specific 
gravity of this waste would carry it to the base of the sand and gravel 
aquifer. 
Leakage or spillage of waste at site C has a high potential for 
contaminating shallow aquifers beneath the site and is rated as a Category I. 
SITE E 
The surface soil profile at this site has very slow drainage (downward 
percolation of precipitation). Surface drainage around the well is directed 
to on-site ditches. General surface drainage is to the west into a tributary 
of Stony Creek which empties into the Vermilion River. A sump pit surrounds 
the well head. The soils, classified as Drummer clay loam and Brenton silt 
loam have moderate permeability ratings and lie in the alkaline pH range. 
Loess, a windblown silt which is the parent material for most of the soil 
profile, has an estimated thickness of more than 40 inches and overlies the 
surficial glacial till unit, the Batestown Till Member of the Wedron 
Formation. This formation is a grey silty till with a few interbedded lenses 
of sand and gravel. Water wells of record in the immediate vicinity of the 
site penetrated little sand and gravel. The total thickness of the glacial 
drift deposits is 95 to 130 feet. There is a general thickening of the drift 
toward the west into a northerly trending valley on the bedrock surface. The 
axis of this valley lies several miles to the west. Sands and gravels 
partially fill this valley and are a source for small to large groundwater 
supplies. A small tributary valley lying about one mile to the southwest of 
the disposal well contains a considerable thickness of sand and gravel, but 
another small bedrock valley lying about one-half mile to the north has only a 
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limited thickness of sand and gravel. The bedrock consists of shale with a 
few interbedded layers of siltstone, sandstone, limestone, and coal. Water 
yields for wells finished in the bedrock are limited; wells not obtaining 
water from the glacial deposits are finished in shallow bedrock to depths 
ranging from 95 to 220 feet. Figure 2-3 shows the sequence of units at 
greater depth and the interval in the shallow deposits with primary freshwater 
resources. 
Groundwater flow in the glacial deposits and shallow bedrock moves toward 
the southwest toward either the bedrock valley of Stony Creek or the Vermilion 
River. 
The nearest public water supply wells are located about two miles 
southwest of site E. In addition, three mobile home parks have developed 
water supplies from seven wells finished in sand and gravel deposits at depths 
of 74 to 110 feet. Surface spills at the well head would not likely be a 
direct threat to these wells for the following reasons: the relatively 
impermeable nature of the glacial deposits at the site and the lack of sand 
and gravel in these deposits; the depth of the wells providing water supply 
and the distance between the wells and the disposal site; the relatively small 
volume of waste that would be involved; and the effects of neutralization with 
carbonate materials in the soil and dilution with existing groundwater. The 
potential for contamination of shallow aquifers beneath this site is low and 
is rated as a category V. 
Danville maintains a reservoir on the North Fork Vermilion River for 
municipal water supply needs. The supply intake is upstream from the 
discharge point of surface runoff from the site and is located about six miles 
west of the well site. All dwellings and industries in the immediate vicinity 
of the site have access to public water supply mains for drinking water. 
Site F 
The drainage of surface ponded water at this site is slow, and water that 
does not percolate into the subsurface will move westward into the East Mill 
Creek drainage system. A system of ditches and collection gutters collect the 
precipation falling on the production area of the plant and direct it to one 
of two on-site ponds. The pond water is discharged into the disposal well. 
The Stony silt loam and the associated Weir silt loam, which lies downslope 
immediately to the west, have developed on 50 to 70 inches of loess that 
overlies the Vandalia Till Member of the Glasford Formation. These soils 
exhibit slow to very slow permeability characteristics and have a moderately 
acidic pH level. Locally the Vandalia Till, a sandy, silty unit, is 5 to over 
15 feet thick. A thin sequence of Lierle Clay and an older till are deposited 
beneath the Vandalia in a small valley on the bedrock surface in the southern 
and western part of the plant property. A thin, discontinuous sand or sand 
and gravel zone may be present at or near the base of the glacial deposits. 
The glacial deposits range from less than 10 feet thick along portions of the 
east boundary of the plant property to maximum of nearly 50 feet in the 
southwest. A significant deposit of sand and gravel partially fills the 
valley of Big Creek, which lies about a mile to the northeast. 
The bedrock consists of a few tens of feet of shale, soft sand-
stone/shale, and fine-grained sandstone belonging to the Bond Formation of 
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Pennsylvanian age. The Modesto Formation, with shale and interbedded 
sandstones, siltstones, and limestones, lies immediately below the Bond. 
Limited supplies of groundwater have been obtained from the bedrock and 
glacial deposits on the upland. Groundwater appears to move to the west in 
both the glacial deposits and the shallow bedrock. A drainage divide for both 
surface and groundwater is assumed to lie in the vicinity of the east line of 
the plant property. 
The City of Marshall has constructed four sand and gravel wells, 65 to 75 
feet deep, in the valley of Big Creek about two miles east of the site. The 
creek valley is incised into the upland to a depth of about 100 feet exposing 
the Bond Formation in the valley walls. The cone of depression created by 
municipal pumpage is essentially limited to the sand and gravel deposits in 
the creek valley. Muncipal water is available to the residents and business 
establishments south and southeast of the site. 
The potential for contamination of the limited shallow aquifers beneath 
this site is low to possibly moderate and the site is rated as a category III 
or possibly a category IV. 
Site G 
This site is situated on a rolling upland that is bordered by moderately 
incised tributary valleys of the Kaskaskia River. Bluford silt loam has 
developed on loess (30-55 inches thick) overlying the Vandalia Till Member of 
the Glasford Formation in the immediate vicinity of the well, and the Hickory 
gravelly loam occupies the steeper slopes in and adjacent to the downslope 
drainageways. The Bluford consists of a deep, somewhat poorly drained soil 
that is slowly permeable. The Hickory soil has developed on relatively steep 
slopes and exhibits moderate to good drainage for ponded water and has 
moderate permeability. Both soils have acidic pH levels. The Vandalia Till 
consists of sandy-silty material and some scattered sand and gravel 
deposits. On the upland the glacial deposits have a thickness of 40 to 65 
feet, but bedrock is exposed along the lower slopes of the deeper ravines and 
stream valleys. Alluvial deposits in the stream valleys contain some sand and 
gravel deposits; however, these deposits are not located near the disposal 
well site. The disposal well is located some distance west (more than 1000 
feet) of the waste generating facility. 
The bedrock consists of shales with a few interbedded sandstones, 
siltstones, and limestones in the lower part of the Mattoon Formation of the 
Pennsylvanian System. Along the lower slopes of Big Moccasin Creek, less than 
one mile north of the site, the Bond Formation is exposed. The upper bedrock 
lacks a significant potential for yielding water to wells. Sandstones capable 
of yielding small supplies exist below a depth of 200 feet but groundwater 
from this depth is too mineralized for use as a potable water supply. 
There are no public water supplies in the immediate area of the site, but 
there are a few domestic and farm supplies developed in the glacial deposits 
and the shallow bedrock. Wells that do exist in the upland are shallow, low 
yielders of poor quality water, and subject to drought conditions. The thin 
sand and gravel deposits in the Kaskaskia Valley and its larger tributaries 
are the only significant source for water supply in the area. 
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The potential for contamination of the limited aquifers in the shallow 
deposits is low and the site is rated as a category IV. 
MONITORING OF INJECTION WASTES 
A review of the monthly reports submitted to the regulatory agency by the 
injection control facilities has in many instances indicated that monitoring 
requirements established in the operating permit were either insufficient to 
completely characterize the wastestreams, were not strictly adhered to (some 
analytical results were not consistently reported), or both. For example, 
there have been instances noted in the monthly reports where sample collection 
and preparation procedures were inadequate. In one situation volatile 
components were lost during week-long sample collection periods and in another 
situation it was noted that the organic phase was discarded and the aqueous 
phase analyzed for organic compounds. In cases such as these, the expected 
and generally relatively innocuous components are monitored while potentially 
hazardous unknowns have been allowed to bypass the analytical monitoring 
procedure. Although monitoring practices appear to be improving, it is clear 
that a thorough characterization of the wastestream should be required of all 
UIC facilities. 
There is no one set of monitoring guidelines which will adequately 
address all types of disposal wastes. Complete inorganic as well as complete 
organic analysis (gas chromatography/mass spectrometry) of the injection waste 
should be required and the results of these analyses submitted both at the 
time of permitting of the disposal well and on a quarterly basis thereafter. 
The characterization of the wastestream should be of a "survey" nature rather 
than one of a limited nature, such as the EPA toxicity or priority pollutants 
lists. All detectable components should be identified and quantified. From 
the analytical results of the survey, knowledgeable regulatory personnel can 
establish monitoring guidelines on a case by case basis. 
In addition to monitoring the character of a wastestream, it is important 
to be able to have confidence that the fluid disposed of has remained in the 
disposal zone and has not found a path of movement up the borehole or leaked 
through the caprock to overlying aquifers. The integrity of a disposal well, 
including the cement grout around the casings, is determined through well 
monitoring procedures which shall be discussed later in this chapter. 
Typically, feasibility studies and tests of cores from drilling must 
demonstrate the integrity of the caprock at the site of a proposed injection 
well. Such efforts norwithstanding, however, in the event of a leak directly 
through the caprock, injected wastes could contaminate an overlying aquifer 
and go undetected, unless a mechanism were established to monitor the aquifer. 
In the event that an injected contaminant does escape out of the 
confinement of the disposal zone and reaches a potable aquifer, it may go 
undetected for an indefinite period of time unless a mechanism is established 
to detect and to keep track of the path, volume, and character of the escaped 
waste. The mechanism for accomplishing this task should become part of the 
requirements of the permit for Class I wells. Determination of the presence 
and concentration of the predominant organic and inorganic chemical species in 
the wastestream is essential, and the presence or increase in concentration 
above background for components found in the wastestream would be indicative 
of a leak into an aquifer from the disposal zone. 
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MONITORING OF WASTE MOVEMENT AFTER INJECTION 
The subject of monitoring wells has been a controversial one as far as 
regulation of underground injection is concerned. Monitoring wells have been 
routinely employed in RCRA regulations and other shallow groundwater studies 
but are not as commonly included in deep well injection operations. 
Basically, three different types of monitoring wells have been used 
nationally in conjunction with injection wells (Warner and Lehr, 1977): 
Well Type 
1. Constructed in injection formation 
2. Constructed in or just above the 
primary confining unit 
3. Constructed in the lowermost USDW 
Objective 
a. Obtain geologic data 
b. Monitor pressure in injection 
formation 
c. Determine rate and direction of 
wastewater movement 
d. Detect geochemical changes in 
injected wastewater 
e. Detect shifts in freshwater-
saline water interfaces 
a. Obtain geologic data 
b. Monitor pressure in tested 
interval 
c. Detect leakage through 
confining unit 
a. Obtain geologic data 
b. Detect evidence of freshwater 
contamination from disposal 
activities 
Constructing monitoring wells in the same formation into which injection 
is taking place is the only direct means of determining the rate and direction 
of the wastewater plume. Since in most cases the hydraulic properties of the 
injection zone will deviate from the ideal of isotropy and homogeneity, 
several monitoring wells will be necessary in order to intercept and define 
the plume. The most compelling argument against the use of such wells in the 
injection formation is that they provide another potential pathway for the 
escape of the injected material. In Illinois only one such well is in use 
(site F). This well is located over one-quarter mile from the nearest of two 
injection wells. 
Monitoring wells placed in or just above the confining unit are useful 
for detecting changes in pressure and water chemistry that are indicative of 
leakage. In situations where the confining unit is relatively thin or 
somewhat fractured, this type of monitoring well is justified. In many actual 
cases, particularly in the injection zones found in Illinois, the confining 
unit is relatively thick and contains no aquifers suitable for monitoring. No 
monitoring wells of this type are in use in Class I operations in Illinois. 
The most commonly used type of monitoring well is that which is typically 
completed in shallow aquifers or associated tight materials, which include 
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deposits classified as USDW, for the purpose of detecting contamination from 
surface or near surface waste disposal. This type of well is usually required 
in RCRA regulations. Monitoring in the lowermost USDW near Class I disposal 
wells would use similar construction and sampling procedures. This type of 
well is the least costly and does provide an opportunity for detection of the 
initial entrance of contaminates that move into the USDW. This type of 
monitoring wells does not offer a potential pathway for escape of the injected 
material. However, in Illinois the disposal zones lie at moderate to great 
depth below the USDW and one or more aquifers occur between the USDW and the 
primary confining units. Since fluid moves under a hydraulic gradient, any 
waste driven thru the primary confining unit by such a gradient generated by 
injection activities will enter the overlying aquifer. Once this overlying 
aquifer is reached, fluid will tend to move horizontally within the aquifer. 
One or more strategically placed monitoring wells in the aquifer just above 
the primary confining unit would provide a position for monitoring leakage 
through the confining interval while not providing a direct potential pathway 
for escape of wastes from the injection zone. 
In deciding what type of monitoring to employ in connection with a 
Class I injection operation, one must weigh the cost and the potential risks 
that are involved with the use of monitoring wells versus the information that 
will be gained. The authors conclude that a monitoring strategy needs to be 
developed to provide criteria on which to base selection of siting, depth, 
parameters to be tested, and testing frequency. Using this developed 
strategy, the best type of monitoring system and position from the well bore 
of the disposal well can be determined. 
Monitoring wells that are required below the USDW should be finished deep 
in the first permeable formation above the confining layer, in order to 
provide early detection of any waste that migrates through the primary 
confining interval. A well finished at this position above the confining 
interval would allow testing of chemical parameters in the well, collecting of 
water samples for chemical analysis, and monitoring of the piezometric surface 
in this aquifer. One gap in the historical information concerning the 
viability of deep well injection as a disposal method for hazardous wastes is 
that this type of monitoring has not been provided in the past. Requiring a 
thorough monitoring program would be one important step in ensuring the 
viability of this disposal method as well as maintaining public confidence in 
deep well disposal. However, additional work is needed to establish the basis 
for development of an appropriate strategy and regulatory framework for this 
type of monitoring. Specific monitoring requirements will vary within that 
framework from case to case, and should be carefully reviewed on that basis by 
a panel of groundwater monitoring experts. This review should take place 
prior to the initial permitting of the facility and should be repeated at each 
permit renewal in the light of any new information which has been acquired. 
Monitoring should be done both continuously and at specified frequencies 
using surrogate parameters which would give a general indication of intrusion 
from the injection formation, and quarterly, using more specific survey 
techniques. Appropriate surrogate parameters would depend on the hydraulic 
properties of the rocks and the relative characteristics of the overlying 
formation water and the injected wastes. A variety of standard, easily run 
testing and analytical procedures are available that would be an appropriate 
for indicating break through of components in the waste or displaced formation 
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fluid. A number of appropriate survey techniques for quarterly monitorings 
are also available for detection of both organic and inorganic constituents in 
the low microgram per liter range. Monitoring of the site should be continued 
even after the well is no longer used for waste disposal, to ensure that later 
intrusion of the waste into overlying formation does not occur. The time 
interval involved would be determined by the length of time required for 
dissipation of the pressure buildup generated by injection. 
WASTE STREAM CLASSIFICATION AND TOXICITY DETERMINATION 
In order to gain an appreciation of the hazards of the most common and 
prevalent constituents found in the injection wastestreams, a simplified 
classification system can be implemented. The substances can be grouped into 
three types reflecting their relative toxicity and/or undesirability in 
potable water supplies. Type 1 constituents would be extremely undesirable, 
highly toxic and unacceptable in potable waters. Type 2 constituents may be 
undesirable, but unless present in extreme concentrations, would have minimal 
detrimental health effects. Type 3 constituents may be allowable in the 
potable water although unwanted due to their influence on the aesthetic 
quality of the water. 
The organic components associated with the injection wastes such as the 
chlorinated hydrocarbons would be classified as type one. Compounds in this 
category, such as chlordane, are extremely toxic and have maximum allowable 
EPA water quality criteria standards ranging from .01 to 100 ~g/L (ppb). For 
other organic compounds such as hexachlorocyclopentadiene (lihex ll ) there is 
less information regarding toxicity. Data that are available indicate that 
IIhex ll concentrations in the 1-10 ~g/L range are toxic to or bioaccumulate in 
mammals and aquatic species (Chou and Griffin, 1983). Arsenic and mercury may 
also be considered members of the type 1 classification. These have water 
quality standards of 50 ~g/L and 2 ~g/L, respectively. 
Constituents such as fluoride and vanadium, if in sufficient concentra-
tions, can be considered type 2. These constituents, when in high concen-
trations, can have detrimental health effects but in low concentrations can 
actually have beneficial effects. Iron, manganese, chloride, sulfate, calcium 
and magnesium would be considered in the type three class. These constituents 
are found in many potable water supplies. EPA water standards for sulfate and 
chloride, for instance, are 250 mg/L, with iron limits at 0.3 mg/L. Many of 
these substances reduce the aesthetic quality of water causing staining, 
hardness or possible odor, without major detrimental health effects. 
Above ground removal or reduction in concentration of most type 1 and 
type 2 contaminants from wastestreams is possible and can be done in an 
environmentally acceptable manner. Treatment of wastestreams to remove or 
reduce these contaminants to an acceptable concentration level can almost 
eliminate the potential risk for contamination of drinking water sources with 
these components. However, as will be seen in Chapter 5, this treatment is, 
in general, significantly more expensive than deep well injection alone. 
Based on the limited evidence to date, it appears that deep well injection is 
a viable disposal option, probably preferable to landfilling. The hard lesson 
learned from landfilling, however, should be remembered, and considerable 
research is needed on the fate of the injected wastes. Destruction of the 
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hazardous components before injection is always preferable to a storage method 
of disposal. It is the responsibility of all parties involved (legislators, 
regulators, waste generating industries, and the public) to make an informed 
decision about what constitutes acceptable risk in waste disposal and to 
adjust regulatory practices, if necessary, to achieve an acceptable level of 
protection for our USDW. 
Toxicity 
Toxicity data are generally categorized into two types: acute and 
chronic. Acute toxicity is that which can be detected soon after exposure of 
the test organism to the substance, and is frequently expressed as the dose or 
concentration of a substance which is lethal to fifty percent of the test 
population (LD50). Chronic or long-term toxicity is more difficult to assess than acute toxlcity and generally involves a detailed search for physiological 
changes. These changes are induced after long-term exposure to sublethal 
concentrations of the substance of interest. Chronic toxicity testing is very 
expensive and may take years before conclusions of a chemical's chronic 
effects can be made. Results from chronic toxicity testing mayor may not 
bear a recognizable relationship to those obtained from acute toxicity 
testing. 
Another specific type of toxic substance testing is for mutagenicity 
using for example, the Ames test. In this test the reversion of a particular 
strain of Salmonella bacteria has been found to have a fairly high correlation 
with mutagenicity and carcinogenicity in mammals. Again, this type of 
"toxicity" may have 1 ittle obvious relationship to the types discussed above. 
It is obvious that considerations of only acute toxicity are not 
sufficient in assessing the potential public health hazard from potable 
aquifer contamination. If partial waste treatment is to be required before 
injection, guidelines need to be developed from which literature data on the 
various toxicities can be used to classify a waste component as to the nature 
and extent of treatment that should be required. 
Presumably different treatment objectives would be established for type 
1, 2, and 3 components. In addition, guidelines would have to be established 
to determine whether the toxicity data available in the literature were 
adequate for purposes of classification of components by type. 
POTENTIAl HAZARDS OF DEEP WELL INJECTION 
The interactions of the injection waste with formation minerals and water 
generally are not considered hazardous. However, results of the interactions 
are of concern because some of them can cause blocking of formation pores, 
directly affecting the operations of the injection well. Increases in well 
injection pressures to compensate for the loss of injection rate due to the 
decrease in effective porosity can cause indirect hazards. Raising the 
injection pressure to the limit of the well permit under severe blockage may 
be inadequate to dispose the entire wastestream. An alternate disposal would 
be required for the excess waste. Whenever the injection pressure is 
increased to approximately the full limit of the permit, additional stress is 
placed on the waste disposal system and a large gradient develops across the 
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confining units. This gradient across the confining unit enhances the 
potential for fluid migration into an overlying aquifer. Injection pressure 
is limited by regulation to a fluid density adjusted value of 0.65 of the 
preinjection hydrostatic pressure at the top of the injection zone. 
The greatest potential hazards of deep well injection are twofold: 1) 
contamination of USDW by migration or escape of hazardous constituents, their 
associated components in the injected wastestream, and displaced formation 
water, and 2) contamination of surface soils and water as well as shallow 
groundwater by accidental surface spillage of waste. Risks due to potential 
surface spillage of wastes from operations of underground injection facilities 
is generally not large when compared to spillage that might occur if the 
entire wastestream was subject to alternative waste treatment methods. Each 
of the sites using deep well injection (Class 1 wells) is required under the 
Resource Conservation and Recovery Act (RCRA) to submit contingency plans and 
emergency procedures to the Illinois EPA in cases of fires, explosions and/or 
spills. Under these plans actions are outlined for 1) spill cleanup, 2) 
notification of state and federal officials, 3) proper disposal of spilled and 
contaminated materials, and 4) assessment of actual or potential hazards to 
human health or the environment. 
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CHAPTER 3 
UIC PROGRAMS THROUGHOUT THE UNITED STATES 
INTRODUCTION 
This chapter study was initiated to review UIC activities in other states 
and regions of the country, to allow the Illinois program to be placed in the 
context of what other states are doing to regulate, manage, and give direction 
to deep injection well activities, to highlight trends in regulations for 
Class I injection wells, to summarize potential impacts on the Illinois UIC 
program, and to make recommendations based upon this review that will benefit 
the program. 
UIC PROGRAMS IN OTHER STATES 
State and Federal Regulatory Agencies 
Information compiled for this chapter was obtained from mail and tele-
phone surveys of, as well as selected visits to, USEPA regional offices and 
state regulatory agencies and is summarized in Tables 3-1 and 3-2 and in 
Figure 3-1. 
States having UIC programs were first categorized as to whether they have 
primacy or are regulated by USEPA regional offices. (States in which primacy 
is being considered or in which Class I activity is being phased out were 
categorized also.) States having primacy were further surveyed to obtain and 
compare information concerning their respective UIC programs. 
Regulatory authority and responsibility for Class I wells in the various 
states is administered by a lead regulatory agency or shared among more than 
one state agency. The UIC program in Illinois for Class I wells is adminis-
tered by the Illinois Environmental Protection Agency. 
Status of UIC Programs 
Twenty-three states have primacy to regulate their own Class I UIC 
programs. Of these states, two (Maryland and Delaware) have banned Class I 
hazardous waste injection, while three others (Wisconsin, Oregon and Idaho) 
have banned all Class I waste injection. Three states are in the process of 
phasing out their Class I injection wells: Alabama and Washington, where 
geologic considerations have been cited, and West Virginia, where the only 
disposal well is being phased out by the owner for economic reasons. Alabama 
has placed a ban on the construction of new Class I wells. Three others 
(Utah, New Jersey, and Nebraska) have no Class I injection wells at the 
present time. Primacy is imminent in Hawaii and in Missouri, and those two 
states have already imposed bans on Class I activity. These statistics are 
shown in Figure 3-1. 
Several other states are in the initial phases of considering primacy, 
but may require a significant period of time before documents requesting 
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*Primacy imminent at time of publication 
\ Figure 3-1 
Regulatory Status of Class I Wells 
in the United States 
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IV. 
V. 
VI 
VI I. 
VI II. 
X 
State 
New Jersey 
Maryl and 
Del aware 
West Virginia 
Florida 
Mississippi 
Al abama 
Illinois 
Ohio 
Wisconsin 
Texas 
Louisiana 
New Mexi co 
Oklahoma 
Arkansas 
Kansas 
Nebraska 
Wyoming 
North Dakota 
Utah 
Idaho 
Oregon 
Washington 
Annual Add. fee Down-hole 
fee for based on camera 
permit waste type inspection 
or volume 
no no no 
no guidelines no 
set down no 
at present 
no no yes 
no no no 
yes volume no 
yes hazard. no 
wells 
no no no 
annual no no 
inspect. 
fee 
no no no 
pending pending no 
yes no no 
yes, on volume no 
hazard. 
wells 
yes no no 
no no no 
no no no 
no no no 
T~ble 3~2 
SUMMARY OF UIC PROGRAM ACTIVITIES FOR CLASS I WELLS IN PRIMACY STATES 
Monitoring Packerless Packerless Area of Commerci al Area 
above con- (fluid packer) wells review min. operati ons permits 
fining zone well design ope rat i ng fixed all owed all owed 
all owed radi us (mi) Comments 
no hasn't been no 2 no yes Class I wells will most likely 
considered never exist due to geologic 
1 imitat ions. 
yes no no 1/4 no no 
yes no no 1/4 no no Existing well in W. Va. is 
being phased out. 
yes only on munici- yes 1 yes yes Both states have ban on new Class 
pal wells I hazardous waste wells. 
yes no no 2 1/2 yes yes 
Existing Wells are being phased 
out. 
no yes yes 1/4 under no 
consider-
ation 
no no no 1/4 no no 
Class I wells banned in Wisconsin. 
no yes yes 2 1/2 no no Has 11 commercial wells at 9 
sites. 
case-by-case no no 2 no no 
case-by-case yes no 2 1/2 no yes 
yes no no 1 yes no Non-hazardous well on Indian 
land is under Region 6 
juri sdi cti on. 
yes no no 1/4 no no 
no yes yes 1/2 yes yes Commercial operation allowed 
only in non-hazardous wells. 
Injection by gravity flow only. 
yes hasn't been no 2 hasn't been no 
considered considered 
case-by-case no no 1/4 no no 
no no no 1/4 yes yes Approval required for each waste 
at comm. operations. 
no no no 2 yes yes For comm. operation, RCRA quidelines are followed. 
Class I wells banned due to 
geologic limitations and lack 
of knowledge of deeper sedimen-
tary units. Non-operating well 
in Washington will soon be 
plugged and abandoned. 
primacy and the necessary legislative and judicial machinery are in the final 
steps of preparation. Several additional states are looking into the process 
required for seeking primacy. The regional USEPA offices have expressed the 
desire to see the states within each region that have (or expect to have) 
waste disposal wells take primacy. 
At present, 249 Class I hazardous and 162 Class I nonhazardous waste 
wells exist in the United States; 48 more Class I wells are either proposed or 
under construction. Of the hazardous waste wells, 213 (86%) are under state 
regulation; two of those are being phased out. Of the nonhazardous waste 
wells, 161 (99%) are under state regulation; two are being phased out. Of the 
48 wells either proposed or under construction, 23 (48%) would fall under 
state regulation. The majority of these wells are located in Texas and 
Louisiana (Table 3-1). These figures constantly change as new wells are 
drilled and put into service, and existing wells are retired from service. 
Primacy states were surveyed to obtain information on specific points of 
interest within their UIC programs (Table 3-2). These points included fees, 
down-hole camera inspection, monitoring above the confining zone, fluid packer 
well design, area of review, commercial operation, and area permits. Five 
states impose annual fees for Class I well injection; of these, two (Illinois 
and Kansas) impose additional fees based on waste injection volume, and one 
(Ohio) imposes an additional fee for hazardous waste injection. Florida 
requires periodic down-hole camera inspections of its Class I wells. Five 
states require monitoring of the interval above the caprock, although any 
state could require such monitoring if it were deemed necessary. Four states 
(including Illinois) have Class I wells operating with fluid packer well 
designs. Most primacy states require an area of review larger than the 1/4 
mile called for in the Federal regulations. 
A variety of factors can influence a state's decision to seek primacy, 
and may also influence the degree of injection activity within the state. 
These factors include economic growth, growth rate of industrial development, 
geologic constraints, presence and degree of development of an oil and gas 
industry, regional trends, political and environmental inputs and stresses, 
historical problems with old injection wells or hazardous waste management 
practices, and new or pending legislative statutes and interpretations 
thereof. 
THE ILLINOIS UIC PROGRAM AS COMPARED TO PROGRAMS IN OTHER STATES 
Comparison to Primacy States 
The regulations of all state-operated UIC programs closely resemble the 
Federal regulations from which they originated. (Illinois was one of several 
states whose regulatory deep well injection program provided input into 
existing Federal UIC regulations.) There are differences, however, in the 
manner in which each state's regulations are enforced. 
One difference among state programs is the permitting process. The 
permitting process in Illinois has been discussed in detail in Chapter 1. As 
part of that process, the Illinois State Geological and Water Surveys provide 
technical consultation to the IEPA during permit review. For comparison, 
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applications for Class I waste disposal permits in Ohio must be reviewed and 
approved by five state agencies, and a Permit to Drill must be applied for and 
received before application can be made for a Permit to Operate any proposed 
UIC facility. 
Much of the general pattern for the regulations in the UIC program under 
the 1974 Safe Drinking Water Act was taken from state programs developed by 
Texas and Louisiana for Class I and II wells. As is seen in Illinois, many 
components of the regulations existing in these states today are basically 
little changed from those enforced prior to receiving primacy. Many of the 
procedures used to evaluate data submitted in feasibility studies, obtained 
from well testing, and collected from in-well monitoring were developed by 
those states having a large number of wells. As other states have developed 
their UIC programs, additional procedures have been developed and/or modified. 
Close interaction between staffs of the various states and EPA regions is 
beneficial as these developments take place. As disposal activities in Class 
I wells increase, close cooperation of all involved in designing, operating, 
regulating, and evaluating will become more essential to insure protection of 
drinking water resources. 
Issues in Other States 
Certain issues of concern to other states in administering their UIC 
programs are not issues in Illinois now, but could become important issues in 
the future. These issues include the subsurface disposal of radioactive 
wastes, the sharing of wells between industries which generate similar waste 
streams, top-secret waste streams generated on military installations, 
commercial wells and well fields, and highly toxic waste streams. Several 
states have voiced concern over the lack of uniformity in classification of 
several types of wells across the country, and from region to region. 
Heavy contamination of surface waters and the land surface in the 
vicinity of large concentrations of petrochemical and related industries has 
caused several states to move heavily into permitted Class I wells for the 
disposal of generated wastes. Surface environment contamination has been 
noticeably decreased, but these states feel that too rapid a change in the 
regulations or regulatory practices on either a state or federal level could 
cause a significant, though temporary, diversion of contaminants back into the 
surface environment. 
Political, environmental, and geologic constraints in other states have 
strong influences on how state programs are operated, who operates them, and 
whether or not deep well injection is even a possible or desired disposal 
alternative. Some states that rely heavily on ground water attained from 
great depths for their daily water needs are reluctant to practice deep well 
waste disposal, or to expand existing programs. Geologic constraints (such as 
high degrees of faulting, lack of suitable disposal formations, and areally 
unpredictable changes in water quality) have prevented or precluded 
development of deep well waste injection. In other states, deep well waste 
injection is geologically and economically feasible, but is not and may never 
be practiced because of public or environmentalISTS concerns. 
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TREnDS IN UNDERGROUND INJECTION 
The 1984 RCRA Amendments 
Both the regulating and regulated communities in the United States have 
great interest in the 1984 Amendments to the Resource Conservation and 
Recovery Act (RCRA). According to the new law, passed in November 1984, the 
USEPA has authority to ban land disposal of certain hazardous wastes, or to 
require certain levels or methods of pretreatment before disposal. The 
implications are far-reaching as the new law gives the USEPA authority to 
restrict or eliminate the practice of deep well injection of hazardous liquid 
waste. 
The Underground Injection Practices Council 
The Underground Injection Practices Council (UIPC) is a national organi-
zation formed in 1984 in response to a need for, and devoted to enhancing, 
communications between the states, the Environmental Protection Agency, the 
regulated community, and the public, and disseminating knowledge about under-
ground injection. The UIPC is also involved in educational efforts on injec-
tion wells and injection well technology. 
This chapter briefly summarizes UIC programs throughout the U.S. It is 
important that Illinois maintains communication and exchange of information 
and technology concerning underground injection with other states. This 
communication and exchange is vital in order to remain updated and informed 
about trends in the field of underground injection. 
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CHAPTER 4 
THE GEOLOGIC ENVIRONMENT 
OVERVIEW OF THE GEOLOGIC ENVIRONMENT IN ILLINOIS 
Deep well injection of wastes in Class I wells is dependent on the 
geologic environment to accept an injected waste for the life expectancy of 
the well and to indefinitely confine the waste within the injection zone and 
its primary confining units. The characteristics of the many components 
comprising the geologic environment determine the feasibility of specific 
sites in Illinois for this option of liquid waste disposal and the capacity to 
isolate injected wastes from other resources that are vital to man's physical 
existence. Of primary concern in this regard is protection of human health 
and the environment, particularly the protection of all underground sources of 
drinking water (USDW). 
Regional and site-specific geologic characteristics determine the suit-
ability of each site for injection, and control the design, construction, 
testing, operation and monitoring practices of each well. The geologic 
environment is defined by describing all rock units influenced by deep well 
injection, the fluids these units contain, the dynamics of natural and 
artificial induced flow systems operating in the subsurface, and the naturally 
occurring resources found in these rock units. The deep well disposal system 
lies deep within this environment and is dependent on this environment to 
confine the injected waste stream. The well acts as a secured mechanism for 
transporting the waste from the surface to the disposal zone. 
CHARACTERISTICS IMPORTANT IN DEFINING THE GEOLOGIC ENVIRONMENT 
The general sequence of rock units and the structural configuration of 
these units make up the geologic framework of Illinois. Numerous processes 
have operated on these units to form, alter, and structurally reorient them. 
Lithologies fall into three basic categories; igneous, metamorphic, and 
sedimentary. The first two form the basement complex (the Pre-cambrian rocks) 
and are not important to deep well disposal other than forming an basal 
confining boundary. The third category, the sedimentary rocks, lies above the 
basement complex and consist predominantly of marine sediments deposited 
during the Paleozoic Era. These sediments range in thickness from about 1500 
feet north of Rockford to over 20,000 feet in the southeast corner of the 
State (Sargent and Buschbach, 1985). The consolidated bedrock units consist 
of dolomite, limestone, sandstone, silt-stone and shale lithologies. 
Semiconsolidated deposits of clay, sand, and gravel of Cretaceous and Tertiary 
age overlie the Paleozoic units at the southern tip of Illinois and in a small 
area of western Illinois. Much of the remaining bedrock surface that has 
formed on the Paleozoic units is covered by unconsolidated glacial deposits 
ranging in thickness from 0 to 600 feet. 
The generalized geologic map (Figure 4-1) shows the areal distribution of 
the various rock units at the bedrock surface. The patterns on the bedrock 
surface map reflect the geologic structures present in the State and the 
distribution of the rock units forming the bedrock surface. The strong relief 
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GENERALIZED AREAL GEOLOGY 
OF THE BEDROCK SURFACE 
OF ILLINOIS 
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FIGURE 4-1 
on the bedrock surface that develop prior to, and to some extent during 
glaciation, has been partially to completely subdued by glacial deposits. The 
concentric patterns in the Pennsylvanian units and the underlying 
Mississippian System reflect the general outline of the Illinois Basin. This 
basin (Figure 4-2) is a spoon-shaped structure oriented NNW to SSE across most 
of Illinois and extends southward into Kentucky and southwestern Indiana. The 
deepest part of the basin lies near the mouth of the Wabash River (Sargent and 
Buschbach, 1985). 
The margins of this basin are marked by positive structural features 
(Figure 4-2): Ozark Uplift, Lincoln Fold, Mississippi River Arch, Wisconsin 
Arch, and Kankakee Arch. Within the Basin the LaSalle Anticlinal Belt and the 
DuQuoin Monocline are major features. Several systems of faults have produced 
complex areas that may still be subject to infrequent seismic activity. These 
are identifed as the Wabash Valley Fault System extending from Wabash County 
to Gallatin County and multiple systems of faults lying south of the 
Ste. Genevieve-Cottage Grove-Shawneetown Fault Zones. The cross-sections in 
Figure 4-2 show the general structural relationships of the Paleozoic Systems 
in the basin. 
Hicks Dome in Hardin County is a small positive feature that is probably 
the result of igneous rock intrusion at considerable depth. Small faults and 
fractures in this structure have permitted the downward migration of fresh 
water to depths of about 2000 to 3000 feet. 
The sedimentary rock units are relatively flat-lying throughout most of 
the State, but there is a gentle regional dip toward the center of the 
Illinois Basin. Throughout the basin there are gentle anticlinal and 
synclinal folds that generate local variations on the regional dip. 
Differential settlement in the Illinois Basin during deposition of the 
Paleozoic rock units, produced much of the the variation observed in the 
thickness and character of the sediments that accumulated. Units tend to 
increase in thickness toward the center of the basin. Additional members in 
the units are more likely to appear in the areas of the basin which subsided 
most rapidly. During periods of major erosion, there generally was less loss 
of accumulated sediment in the central area of the basin where subsidence was 
more active. 
There is a considerable degree of regional uniformity in the general 
character of the rock units in the Cambrian through Devonian Systems. On a 
detailed basis a large variety of small variations in the characterer of the 
rocks may have relatively broad distributions. During Mississippian and 
Pennsylvanian time there was a shift in sedimentation patterns as large 
deltaic and associated marine environments left deposits that were generally 
not as widespread, or as uniform in character as the older sedimentary 
units. Shifting of the deltas and marine shore lines across the State in 
response to relative changes in sea level produced numerous cyclic sequences 
of rock units. 
Within the geologic record there are numerous positions at which erosion 
and weathering removed or altered previously accumulated sediments. Many of 
the longer periods of erosion are followed by deposition of coarser-grained 
clastic sediments. During some erosional periods extensive development of 
karst features took place in some carbonate units. The most prominent karst 
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development of interest to deep well disposal occurred in the Eminence-Potosi 
Dolomites prior to deposition of the St. Peter Sandstone during Ordovician 
time. This karst development is not uniform but does appear scattered 
throughout the entire State. 
DESCRIPTION OF GEOLOGIC UNITS PENETRATED BY DISPOSAL WELLS AND CONTAINING 
POTENTIAL DISPOSAL FORMATIONS 
The large diversity of sedimentary rocks found throughout Illinois 
reflects the many sources of sediment, the variety of depositional environ-
ments needed for their accumulation, and the numerous geographic shifts in 
these environments throughout geologic time. The widespread uniformity in the 
general character of individual sedimentary rock units reflects the broad 
areas of occurrence for the depositional environments and the persistence of 
these environments through time. Deposition took place throughout the 
Illinois Basin and extended onto the surrounding marginal uplifted areas. The 
basin and its surrounding areas formed a single sediment accumulating region, 
that covered the entire State (Figure 4-1). Many of the older, more deeply 
buried units exhibit a broad regional or state-wide distribution within the 
basin and also extend beyond the margins of the basin. 
A brief description is given for each principal unit of rock found in 
Illinois that contains USDW and/or potential disposal zones. The generalized 
Geologic Map of Illinois (Figure 4-1) and a set of two regional geologic 
columns with included hydrogeologic descriptions (Figure 4-3) provide an 
overview of the lithologies, formation names, potential use as aquifer or 
confining unit, general hydraulic properties, and degree of mineralization of 
the groundwater. More detailed information for specific geologic units is 
given in the Handbook for Illinois Stratigraphy (Willman, et al., 1975), 
recent reports prepared by Cluff (1981), Kolata et ale (1981), Piskin and 
Bergstrom (1975), and other reports that are referenced in the Bibliography 
and Index of Illinois Geology (Willman et al., 1968). 
Precambrian Rocks 
Beneath the sedimentary rocks of the State there is a variety of 
Precambrian igneous and metamorphic rocks. Prior to accumulation of the basal 
sandstone (Cambrian System) of the Paleozoic Era, the Precambrian rocks had 
been subject to erosion that produced a flat to rolling surface with some 
i sol ated knobs of consi derabl e topographi c rel i ef. At the present time the 
Precambrian units lie a little more than 1500 feet below the surface in the 
northern part of Stephenson and Winnebago Counties, and more than 20,000 feet 
in the complexly faulted area of the Illinois Basin located near the mouth of 
the Wabash River. Figure 4-9 (modified from Sargent and Buschbach, 1985) 
shows the general morphology of this erosional surface on which Cambrian seas 
deposited sandstone. 
Cambrian System 
Cambrian strata underlay the entire State but are exposed only in limited 
areas along the south side of the Sandwich Fault and in the bedrock valley of 
the Rock River near the Illinois-Wisconsin State line. The thickness of the 
Cambrian ranges from about 1,000 feet along the Mississippj River to over 
3,500 feet in the eastern part of the State. South of the Cottage Grove fault 
system the thickness generally exceeds 3000 feet and locally in the Reelfoot 
Rift (Schwalb, 1982) the thickness exceeds 6000 feet. 
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Description of Rock Units and Their Hydrogeologic Roles 
Northern Illinois 
Alternating Sequence of Confining Beds/ 
Aquifers: Chesterian - limestone-shale 
alternates with sandstone-shale; underlies 
much of the southern half of Illinois; 
thickens southward to more than 1.400 
ft in southern part of Illinois Basin; some 
limestones and especially sandstones con-
stitute sources of drinking water in outcrop 
areas along the perimeter of the Illinois 
Basin; commonly yields less than 25 gpm; 
at depth away from outcrop areas, water 
is highly mineralized. 
z 
« 
U ;;: 
o 
o 
n::: 
o 
Geologic Column 
Formation 
Member 
Thickness 
Feet 
Group 
Glacial drift,loess, 
and alluvial deposits 
Lonsdale LIJ. 
No.7 Coal 
No.6 Coal 
No. 0 Coal 
No. g Coal 
0-500 
J 
2-110 
:>1 0-90_ 
!i-2-S5 
0-IS0 
O-SO 
0-40 
40-200 
50-100 
70-200 
0-500 
0-30 
40-100 
] I 5-600 
0-400 
til 
:E 
o I 0-175 
" 
.., 
Hydrogeologic Description 
Confining Bed / Aquifer: Quaternary -
unconsolidated deposits: glacial pebbly 
clay (till), silt, clay, loess, sand and gravel; 
alluvial silt, sand, and gravel; covers most of 
Illinois; up to 600 ft thick; major fresh-
water source with largest yields along 
streams and in buried bedrock valley; 
tills and clays are the uppermost confining 
in the state. 
Aquifer (minor): Cretaceous - clayey 
sand and sand, gravel at the base; limited 
occurrence in uplands of Adams and Pike 
counties; up to 100 ft thick; limited yields 
of freshwater to wells. 
Confining Bed/ Aquifer: Pennyslvanian -
mainly shale with some sandstone, siltstone, 
limestone, and coal; covers south-central 
part of the region; maximum thickness 
approximately 700 ft; sandstones and some 
fractured limestones commonly yield less 
than 25 gpm; upper part constitutes principal 
source of small groundwater supplies 
where no source exists in glacial deposits. 
Aquifer/Confining Bed: Valmeyeran -
mainly limestone with shales, siltstones, and 
dolomites; underlies southern parts of re-
gion; maximum thickness less than 800 ft; 
where present near bedrock surface, con-
stitutes a source of drinking water; yields 
are generally somewhat greater than those 
from the Pennsylvanian; mineral content 
increases below moderate depths of burial 
and becomes high in central-south part of 
region. 
Confining Bed: New Albany - black, gray, 
and green shale; covers southern two-thirds 
of region. 
Aquifer: Silurian-Devonian (Hunton Mega-
group) - dolomite and some limestone; 
Devonian occurs only in southern part of 
region; Silurian underlies region except in 
north-central part; Silurian is the upper 
bedrock in northeastern and northwestern 
part; maximum thickness about 600 ft; 
limited yields from Devonian; Silurian yields 
range from limited to large, depending on 
degree of fracturing; mineral content is 
moderate to high in central and central-south 
part of region. 
Confining Bed/Aquifer (minor): Maquoketa 
- shale with some interbedded dolomites 
underlies much of northern Illinois; average 
thickness of 200 ft; interbedded dolomites 
yield small quantities of water locally. 
Aquifer: Galena-Platteville - predominantly 
dolomite with some shales; average thick-
ness of 300 ft where top not eroded; covers 
northern Illinois except .north-central; 
yields moderate quantities of water where 
overlain by drift; yields are reduced where 
overlain by Maquoketa; a drinking water 
source in northern Illinois. 
Aquifer: Glenwood-St. Peter (Ancell Group) 
- fine to medium grained sandstone with 
some shale in upper and lower parts; under-
lies much of northern Illinois except central 
part; commonly 200 ft thick; principal 
water yield is from middle part; an 
important source of drinking water in the 
region; becomes moderately mineralized 
in the southern part of region. 
Aquifer (minor): Prairie du Chien -
dolomite with some sandstone; absent in 
north-central Illinois; yieldS' are moderate 
to small; larger yields occur where glacial 
deposits overlie unit; maximum thickness 
is 1,000 ft in central Illinois; a drinking 
water source in west-central and 
northern third of Illinois. 
Aquifer: Eminence-Potosi - dolomite and 
some sandy dolomite; maximum thickness 
exceeds 400 ft in the south; yields moderat,,1 
to small quantities of water; drinking water 
source in west-central and northern third 
of the State. 
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Aquifer/Confining Bed: Valmeyeran-
predominantly limestones with some sand-
stones, siltstones, shales and dolomites; 
underlies most of central and southern 
Illinois; thin in west, more than 800 ft 
thick in north-central part of region, and 
thicknes to more than 1,800 ft thick in 
south-eastern Illinois; constitutes a drinking 
water source in outcrop areas in western 
part and southern margin of the state; 
variable yields, typically less than 30 gpm 
but locally up to 1,800 gpm; highly 
mineralized at depth away from outcrop 
area. 
Confining Bed: New Albany - black, gray, 
and green shale; covers almost entire south-. 
0-110 I ern half of the state; over 300 ft thick. 
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I Aquifer: Silurian-Devonian (Hunton Mega-
30-150 group) - predominantly limestone with 
dolomite, siltstone, shale and chert; thick-
ness of 200 ft in the west to more than 
120-250 I 1,800 ft in the southeast part of the region; 
constitutes drinking water source from 
fractured limestones in outcrop areas; 
Devonian cherts are sources for small to 
moderate supplies in southern and western 
parts of the region; well yields range from 
250-450 moderate to maximum of 300 gpm; away 
from outcrop areas units are highly 
mineralized. 
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Abbreviations: 
AI. 
Cay. 
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Dec. 
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K., Kind. 
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Pli. 
Precam. 
Ser. 
Sys. 
Alexandrian 
Cayugan 
Cincinnatian 
Decorah 
Kimmswick 
Kinderhookian 
Paleocene 
Pliocene 
Precambrian 
Series 
System 
*Aquifer/Confining Zone: Franconia -
dolomite, shale, and interbedded sandstone 
with sandstone most prominent in north; 
thickness increases southward to maximum 
of 400 ft; yields moderate to small amounts 
of water; a source of drinking water in 
west-central and northern third of the 
state; near southern margin or region 
unit is tight and acts as confining bed. 
*Aquifer: Ironton-Galesville - fine to 
coarse-grained sandstone, some dolomitic 
sandstone; generally exceeds 100 ft 
thick; thins southward in central Illinois 
and grades to dolomite; basal zone is most 
favorable water-producing zone;yields large 
quantities of water; major source of drink-
ing water in bedrock; becomes moderately 
mineralized in central Illinois and highly 
mineralized at southern limit. 
·Confining Bed:Eau Claire - shales, silt-
stones, dolomites, and dolomitic sandstones; 
underlies entire region; exceeds 700 ft thick 
in southeast part of region and exceeds 
1,000 ft in southeastern Illinois. 
. 
*Aquifer: Elmhurst-Mt. Simon - sandstone 
with some interbedded shale; underlies 
entire state, locally not deposited over 
Pre-Cambrian highs; thickness exceeds 
2,500 ft in northeastern Illinois and thins 
southward to less than 500 ft in southern 
Illinois; sandstones range from fairly per-
meable to very tight; upper parts consti-
tute a source of drinking water in northern 
one-fifth of Illinois; mineral content can 
increase one to two orders of magnitude 
across this unit from top to bottom. 
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Sandstone is a dominant lithology in the Cambrian strata and forms a 
thick basal unit (t1t. Simon Formation) that covers the Precambrian surface of 
the State. Dolomite becomes more dominant in the upper part of the system, 
particularly in the southern part of the State. In the upper part of this 
system there are several dolomite formations that have very little or no sand; 
except in the northern portion of the state where most of these dolomite units 
have some interbedded sandstones and intergranular sand. 
The units in this system may be divided into broadly defined groups on 
the basis of lithology. The lower group consists of a series of sandstones 
and sandy dolomites that include the basal sandstone (Mt. Simon Sandstone and 
the Elmhurst Sandstone Member of the Eau Claire formation), the sandy inter-
vals of both the .Eau Claire and Franconia Formations, and the Ironton and 
Galesville Sandstones. The upper group, which consists of dolomites mostly 
lacking sand, includes the dolomite facies of the Eau Claire and Franconia 
Formations in the south and the Eminence and Potosi Formations throughout the 
State. 
Basal Sandstone 
The Mount Simon Sandstone consists of mostly angular, poorly sorted, fine 
to coarse sandstone. Thin shales typically are interbedded with the sandstone 
and may represent fi·ve percent of the lithology of this formation (Bergstrom, 
1968). Individual shale beds are not thick and generally exhibit some lateral 
discontinuity. In northeast Illinois toward the southern extremity of Lake 
Michigan some shales are more continuous and thicken significantly (Buschbach, 
1964). Arkosic materials tend to be abundant near the PreCambrian surface. 
The thickness ranges from less than 500 feet along the Mississippi River to 
over 2700 feet in eastern Illinois and at least 3000 to 4000 feet in localized 
areas of the Reelsfoot Rift. 
The Elmhurst, the basal member of the overlying Eau Claire Formation, is 
principally found in the northern part of the State. It is a fine-to medium-
grained sandstone with some thin, interbedded shales. Thicknesses range from 
10 to 200 feet. 
Eau Claire Formation 
The Eau Claire Formation above its basal Elmhurst Member is a shale-
dolomite sequence that grades from sandy in the north and west-central part of 
the State, to shaly-silty in the northeast and central, to mostly carbonate in 
the south. Thicknesses vary from less than 300 feet in far west-central and 
northwest to well over 1000 feet in the southeast. Figure 4-10 shows the 
thickness and distribution of the Eau Claire. This unit is a major confining 
zone for both waste disposal wells and natural gas reservoirs using the basal 
sandstone. 
Ironton and Galesville Sandstones 
Sandstones of the Ironton and Galesville Formations are represented by 
150 to 200 feet of fine to coarse-grained sandstone that become rapidly 
thinner and more dolomitic in central Illinois and grade southward into non-
sandy dolomite of the Knox Megagroup. The Galesville tends to be somewhat 
finer-grained, more friable, and less silty-shaly than the Ironton. Cement 
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material consists of dolomite and some quartz overgrowths. These sandstones 
consistently yield large water supplies to wells throughout most of the area 
of occu rrence. 
Franconia Formation 
The Franconia Formation consists of glauconitic, clayey, dolomite-
sandstone with some interbedded shale beds in the north. These shaly zones 
develop at the base of the dolomite-sandstone and extend into central 
Illinois. Likewise at the top of the dolomite-sandstone interval, a silty and 
sandy dolomite develops; however, toward the south this member increases in 
thickness at the expense of the intermediate dolomite-sandstone Thus the 
intermediate dolomite-sandstone pinches out toward the south and is absent 
south of Bloomington. Across central Illinois and to the south the amount of 
sand, silt, and glauconite in the upper silty and sandy dolomite decreases and 
becomes predominately dolomite except for a thin zone at the top that is 
slightly sandy, clayey, and glauconitic. The pure dolomite portion of the 
Franconia Formation is included in the Knox Megagroup. 
Eminence and Potosi Formations 
The Potosi Dolomite is a relatively pure dolomite that is 100 feet thick 
in the north to over 500 feet in the south. Erosion in the northern two tiers 
of counties truncates this unit and locally has exposed the underlying 
Franconia. In the north the top is slightly glauconitic and the basal zone is 
sandy and glauconitic; however, toward the south these features diminish. 
Extensive systems of caverns developed in many areas of the State prior to 
deposition of the St. Peter Sandstone. The distribution patterns of the 
cavern systems is not uniform and is expected to be similar to that observed 
in present-day karst terranes. Karst features appear to be more extensively 
developed in the Potosi than in the overlying Eminence Formation. 
The distribution pattern of the Eminence Dolomite is similar to that of 
the Potosi although it is about 100 feet thinner. The Eminence consists of 
dolomite in the south and dolomite that is somewhat sandy and interbedded with 
thin beds of sandstones in the north. Near the northwest corner of the State 
it grades laterally into the Jordan Sandstone. 
Hydrogeologic Characteristics of Cambrian System 
Cambrian sandstones, sandy dolomites, and cavernous dolomites are 
principal sources of water supply where they contain fresh water. Figure 4-6 
shows the distribution of public water supply wells obtaining water from a 
deep bedrock source. Many of the wells in the northern half of the area that 
is marked "principal deep bedrock aquifers," are finished in Cambrian units. 
In the south half of the area underlain by principal deep bedrock aquifers, 
some of the wells penetrate the Cambrian. Large yields are consistently 
available from the Ironton-Galesville Sandstone throughout the area in which 
there is fresh water. Moderate size and larger yields are available from the 
sandy dolomites. Yields from dolomites tend to be highly variable in response 
to the variable degree of fracture and crevice development. The top of the 
Elmhurst--Mt. Simon provides supplemental yields. Multiple aquifer 
completions are made for most wells completed in the Cambrian. 
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The estimated position for encountering groundwater with 10,000 mg/L TDS 
. in the top of the Elmhurst--Mt. Simon is shown in Figure 4-7 as the northern 
boundary of area V. In the water-yielding units above the Eau Claire the 
10,000 mg/L boundary is shown as the southern boundary of area V. Although 
the 10,000 mg/L boundary for the units above the Eau Claire is drawn through 
central Illinois, there is an area west of the LaSalle Anticlinal Belt in 
Putnam and Marshall Counties in which groundwater in the Ironton-Galesville is 
at or slightly above 10,000 mg/L TDS. The strong downwarping of this area 
lying west of the LaSalle structure appears to have isolated it from as active 
participation in the flow system as that which took place in the shallower 
areas lying to the east and to the west. 
In northern Illinois a wedge of fresh water lies above very mineralized 
water in the Mt. Simon. In both the north and central parts of the State 
there is strong stratification in the mineral content of the saline water in 
this unit. In the north the groundwater near the base of the Mt. Simon is at 
least two orders of magnitude more mineralized than water near the top of the 
formation. In the southeast, mineral contents approaching 300,000 mg/L TDS 
are expected in the very deeply buried Mt. Simon. 
The southward displacement of the 10,000 mg/L TDS boundary in the 
Eminence and Potosi Dolomites compared to the position for the boundary in the 
Ironton-Galesville reflects the better groundwater circulation that has taken 
place in their cavernous permeability zones as compared to much reduced 
permeability in the Ironton-Galesville near its southern limit. In Vermilion 
County the mineral content of water in the Potosi is about one-third that 
measured for the Ironton-Galesville (see Well E in Figure 2-3). Also the 
bottom hole pressure after adjusting for density and depth of burial is 
significantly lower in the Potosi than in the Ironton-Galesville. The 
Franconia in this area is acting as a tight confining interval between these 
units. 
Porosity and permeability values for the Mt. Simon have been noted to 
range from 8 to 13 percent and 8 to 55 millidarcies, respectively, in gas 
storage reservoirs. The average values for these parameters are higher to the 
north and northwest and significantly lower near the center of the basin where 
the Mt. Simon lies at great depth. This same pattern is also observed in the 
other Cambrian units. Measurements made in the Ironton and Galesville 
intervals in gas storage fields show that the average porosity and 
permeability values for the Ironton are low (6 to 10 percent and <0.1 to 128 
millidarcies, respectively) and those for the Galesville are relatively high 
(17 to 20 percent and 200 to 650 millidarcies). The Franconia shows a range 
in average values of 3 to 11 percent porosity and <0.01 to 16 millidarcies 
permeability. Average porosity values for the Eau Claire ranged from 2 to 9 
percent and average permeability values are <0.0002 to 0.9 millidarcies. 
Csallany (1966) reports average specific capacities in the Ironton-
Galesville of 4.0 gpm/ft for wells located in the heavily pumped area in 
eastern Kane County. To the south toward Kankakee County this parameter 
decreases to 3.0 gpm/ft. Part of this reduction may be due to reduced 
permeabilities in the Ironton and the overlying sandy dolomites. 
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Ordovician System 
Ordovician strata cover the entire State except for a small uplifted area 
along the Sandwich Fault where erosion has removed the Ordovician units and 
exposed Cambrian strata. These rocks have a thickness ranging from 700 feet 
in the north, where they are not affected by preglacial erosion, to over 6000 
feet near the Ohio River. The gradual thickening to the south is attributed 
to more rapid subsidence southward into the central part of the Illinois 
Basin, and also less erosional loss of accumulated sediment in the rapidly 
subsiding areas. 
Dolomites and limestones with some interbedded sandy zones and four 
distinct sandstones represent the principal lithologies in the lower two of 
three series of this system. The sandstones are associated with transgression 
of seas northward across erosional surfaces. The source of the sand lay to 
the north. During the deposition of the upper series, the sediment source 
shifted to the east and fine-grained clastics (mostly shale) with some 
dolomites were deposited. 
Prairie du Chien Group 
The Prairie du Chien Group of the Canadian Series consists of two 
dolomite-cherty dolomite formations and several sandstones. They thicken 
gradually southward from an erosional feather-edge in the vicinity of the 
Sandwich Fault to a maximum of more than 2500 feet near the Ohio River. The 
basal sandstone is widespread but rarely exceeds a thickness of 20 feet. The 
New Richmond Sandstone lies between the dolomite formations in an area ex-
tending southwestward from the Sandwich Fault in LaSalle County and bounded on 
the east by a line that can be drawn from Kankakee to St. Louis. The upper 
dolomite unit, the Shakopee Formation, accounts for most of the southward 
thickening of this Group. 
Ancell and Galena~Platteville Groups 
The units in the Champlainian Series consist of a basal sandstone--
dolomite sequence (Ancell Group) and the overlying Galena-Platteville Dolomite 
Groups. The St. Peter Sandstone has a thickness range of 100 to 200 feet 
across the State. Locally, valleys that were cut into the underlying 
dolomites prior to deposition of the sandstone may double its thickness. As 
the deposition of this fine-grained, well sorted sandstone moved northward 
with a transgressing shoreline, shaley limestone of the Dutchtown Formation 
followed by the sandy and clayey dolomite of the Joachim Formation accumulated 
in the south with a thickness that approaches 600 feet near the Ohio River. 
Above these units the Platteville Group accumulated as a clayey dolomite 
ranging in thickness from less than 50 feet near the Mississippi River in 
west-central Illinois to over 600 feet in the southeast. The Galena Group has 
a thickness of 125 feet in the south and increases to over 250 feet in 
northwestern Illinois. Thin laminae of shale between layers of dolomite and 
about 10 widespread, thin beds of bentonite are present in both the Galena and 
Platteville units. Figure 4-11 is a structural morphology map drawn on the 
top of the Galena, a well defined structural surface in Illinois. 
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Maquoketa Group 
The Maquoketa Shale Group of the Cincinnatian Series consists of two 
shale units and an interbedded shaly limestone-dolomite. This group has a 
thickness of about 150 feet in the west and over 250 feet along the eastern 
margin of the State. Erosion has removed it in the central part of northern 
Illinois and in the west-central and southwest along the Mississippi River. 
Figure 4-12 shows the thickness and distribution of this rock group in 
Illinois. This sequence of units has been identified as a major confining 
zone within the deeper units of the Illinois Basin. 
Hydrogeologic Characteristics of Ordovician System 
At shallow depths all the units except the shales provide water supplies 
to wells penetrating them. Moderate to large supplies are mostly limited to 
the sandstones. Extensive fracture and crevice development in localized areas 
where units lie at or near the bedrock surface may yield moderate size 
supplies. 
In the northern one-third to one-half of the State, the Ordovician 
dolomites, the St. Peter, and the Cambrian units above the Eau Claire are 
combined into one large aquifer group (Visocky, et al., 1985). This sequence 
of units acts as a mappable aquifer due to the adequate, though limited, 
permeability through the carbonate units in this aquifer group. 
All units in the Ordovician show a decrease in permeability to the 
south. In the southern half of State where mineralized water occurs in these 
units, many of the thick carbonate units have adequately low permeabilities to 
act as confining units. 
The mineral content of the groundwater in the Ordovician rocks has been 
affected by the permeable St. Peter Sandstone throughout the central part of 
the State. The more permeable sandstone units have allowed down dip movement 
of fresh water a considerable distance from the outcrop area of the unit. 
High hydraulic heads that developed during glaciation appear to have displaced 
the brines down dip thus positioning fresh water in the St. Peter beneath very 
mineralized water in the shallower Devonian, Silurian, and Mississippian age 
units. For example, in Macon County, water in Mississippian units is 30 times 
more mineralized than water in the St. Peter which lies at twice the depth 
below the surface. The southernmost position for encountering water with less 
than 10,000 mg/L TDS in the St. Peter and the Galena is shown in 
Figure 4-11. The position for the boundary in the St. Peter is approximated 
by a line drawn from St. Louis to near the northeast corner of Vermilion 
County. Restricted groundwater circulation and possibly reduced permeability 
is reflected by the northwestward shift in the boundary for the Galena Group 
in the central part of the State. The position for the 10,000 mg/L boundary 
lies somewhat further north for the Prairie du Chien Group, which is more 
deeply buried. 
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Yields to wells penetrating rock units of this system are generally less 
than 200 gpm, although somewhat larger yields are reported locally in the St. 
Peter where basal thickening occurs in erosional valleys cut into the under-
lying rock units. Larger yields are also found in locations where the 
dolomites are heavily fractured. Specific capacities for the St. Peter are 
reported to range from 1.5 gpm/ft in northwestern Illinois to less than 0.9 
gpm/ft south of Chicago (Csallany, 1966). Specific capacities for the Galena-
Platteville, where it is buried beneath the Maquoketa in northern Illinois, 
average about 0.2 gpm/ft. 
Porosities in the dolomites in the southern half of the State are very 
low and generally lie below an average value of 10 percent. Permeabilities 
generally do not exceed 1 to 30 millidarcies in the more permeable horizons of 
the dolomites. Very small permeabilities exist for the tight, unfractured 
rock intervals. Porosities across vertical sections of St. Peter are quite 
variable but in the more permeable zones average values obtained from multiple 
wells at selected sites in the northern half of the State range from 12 to 17 
percent. Permeabilities likewise are variable and have been reported to have 
average values ranging from 25 to 250 millidarcies. 
Silurian and Devonian Systems 
The Silurian and Devonian Systems have been combined because the lime-
stone and dolomite units of these systems, are similar in character. These 
carbonates, which are stratigraphically classified as the Hunton Limestone 
Megagroup, act as a single hydrologic unit. The combined thicknesses of the 
two systems including the overlying Devonian and Mississippian age New Albany 
Group range from an erosional feather edge along several segments of the 
Mississippi River and in the central part of northern Illinois to over 2100 
feet in Massac County. The Hunton Megagroup has a thickness of 1800 feet in 
the south and thins to the west toward the Ozark uplift and northwest toward 
the Mississippi River Arch (Figure 4-13). Dolomites predominate in the north, 
and limestones are the most prevalent lithology in the south. 
Hunton Megagroup 
The Silurian portion of the Hunton consists of three series of units that 
increase in thickness eastward from an erosional margin along the Mississippi 
River to over 700 feet in east-central Illinois. The middle part, the 
Niagaran Series, is the principal unit and consists of three dominant carbo-
nate facies: I} shaly dolomite in the south, 2) intermediate purity carbonate 
in the north-central and northeast, and 3) relatively high purity carbonate in 
the northwest. Reefs occur in all the series and in the south the reefs may 
be oil-bearing. 
The Devonian System is represented in the Hunton by the Lower and Middle 
Devonian Series. The Lower Devonian consists of siliceous limestone, 
dolomite, and chert deposited in the southern third of the state. The thick-
ness increases southward and reaches a maximum of over 1200 feet in Massac 
County. The Middle Devonian covers much of the southern two-thirds of the 
State with relatively pure limestones and dolomites. Thicknesses for the 
Middle Series range from less than 100 feet in the north, central, and 
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southwest to a gradual increase toward the southeast where a maximum of over 
400 feet occurs in Gallatin County. The Devonian was not deposited (Whiting 
and Stevenson, 1965) in the vicinity of the Sangamon Arch. 
New Albany Group 
Sedimentation during Late Devonian and extending into Kinderhookian time 
during the Mississippian involved the widespread accumulation of black, gray, 
and green shales with some limestones and siltstones. A total thickness of 
100 to 200 feet is common throughout central and southeastern Illinois. In 
the southwest quarter of the State there is a gradual thinning in a south-
westerly direction from 100 feet to very thin or absent at the Mississippi 
River. The thickness and distribution of the units in this group, which is a 
major confining interval, are shown in Figure 4-14. 
Hydrogeologic Characteristics of Silurian and Devonian 
Fresh water is found in the units of the Hunton Megagroup throughout the 
northern third of the State, along the LaSalle Anticlinal Belt in east-central 
Illinois, and in small areas at the margins of the Illinois Basin where these 
units lie near the surface. The small areas of fresh water occurrence include 
Hicks Dome in Hardin County and the southwest corner of the State. The water 
is fresh where these units lie at or near the bedrock surface. Beneath a 
thick cover of Pennsylvanian and Mississippian units, the degree of fracture 
development diminishes (the yield potential to wells declines) and water 
quality deteriorates in the Hunton units. Figure 4-13 shows the position at 
which the 10,000 mg/L TDS boundary can be expected. South of this boundary 
there is a rapid increase in mineral content. For example, the mineral 
content increases from 20,000 mg/L TDS in the northwest corner of Macon County 
to 130,000 mg/L in the southwest corner of this county. Southeastward from 
Macon County there is gradual increase that reaches a maximum of 150,000 mg/L 
in White County (Meents, 1952). However, Graf et ale (1966) determined a 
value of 216,100 mg/L for a water sample from a deep Devonian well in the same 
area. In the northern half of Macon County the water in the Hunton is up to 
ten times more mineralized than groundwater in the more deeply buried St. 
Peter Sandstone. The Maquoketa Shale Group is the confining unit separating 
these two aquifers. 
Water wells finished in the Hunton exhibit large variations in yields. 
The degree of fracturing and solution development of fractures varies 
regionally and accounts for yields to wells that may range from a few gpm to 
over several thousand gpm. Specific capacity values can, therefore, range 
from a fraction of a gallon per minute per foot of drawdown to more than 
several hundred gpm/ft. Specific capacities per foot of penetration tend to 
be higher in Silurian rocks than in the Devonian interval for wells open to 
both systems. Data available for regions with highly mineralized water 
indicate that porosities are low and permeabilities range from low to 
moderate. Mast (1967) reports mean porosities and permeabilities of 13 
percent and 40 millidarcys, respectively for Galena, Silurian, and Devonian 
carbonate reservoirs in Illinois oil fields. Ranges in values of 12 to 19.5 
percent and 50 to 300 millidarcies are summarized by Ford et al., (1981) for 
269 wells finished in Devonian carbonate reservoirs. 
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Mississippian System 
This system covers the southern two-thirds of the State and crops out 
near the margin of the Illinois Basin along the Mississippi, Illinois, and 
Ohio Rivers and in a narrow band from Champaign through Iroquois Counties. 
Pennsylvanian units overlay this system on an erosional surface which has 
considerable relief and marks a significant truncation of Mississippian units 
in the northern part of the basin. A maximum thickness of about 3300 feet 
occurs in Williamson and Saline Counties (Figure 4-15). Thinning to the north 
is a product of both erosional truncation and depositional thinning of many 
units. 
The middle part (Valmeyeran Series) and the upper part (Chesterian 
Series) are represented by a complex set of limestone, siltstone, sandstone, 
and shale units that accumulated in shallow to moderately deep seas lying 
southwest of an upland that carried clastic sediments into the central and 
eastern part of the State. Shales and siltstones in the lower part 
(Kinderhookian Series) are discussed under the Silurian-Devonian System. The 
thin limestone at the top of the Kinderhookian (Chouteau Limestone) has wide 
distribution across the basin. 
Valmeyeran Series 
In the Valmeyeran Series, depositional pinchouts and lateral gradations 
in the lithology of sediments developed as the Border Siltstone built a delta 
of fine-grained clastics southwestward from central Indiana. Contempor-
aneously, limestones accumulated in the areas to the north (Burlington and 
Keokuk Limestones) and to the south (Fort Payne Chert and Ullin Limestones) of 
this delta. Some localized sandstones developed in the Borden delta. These 
units are overlain by widespread limestones (Salem, St. Louis, and 
Ste. Genevieve Limestones) that exhibit numerous lateral gradations in 
lithology including some evaporites and sandstones. The top of the Valmeyeran 
is capped by a widespread sandstone (Aux Vases Sandstone) that is 20 to nearly 
150 feet thick. This unit is transitional to the cyclic sedimentation that 
deposited the units of the overlying Chesterian Series. 
Valmeyeran sediments have a maximum of thickness in the southeast and 
thin depositionally to 600 feet in the north and west before pre-Pennsylvanian 
erosional truncation reduces their thickness to a feather edge along the 
Mississippi River and along the northern limit of the Mississippian System 
(Figure 4-15). 
Chesterian Series 
Rocks in the Chesterian Series consist of multiple cyclic sequences of 
limestone-shale and sandstone-shale formations. This cyclicity resulted from 
changes in relative sea level that caused a northwest trending shoreline to 
shift back and forth from northeast to southwest across Illinois. Clastic 
sediments were transported into the State through a southwest trending river 
system and deposited in a delta that constantly shifted its position. The 
limestone-shale formations accumulated in the offshore-nearshore marine 
environment. Figure 4-16 shows the thickness of this series which reaches a 
maximum thickness of 1400 feet in Johnson County. The columnar section 
included in this figure diagrammatically shows the interrelationships and 
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lithologies of the formations in this series. The patterns of the thickness 
contours reflect the erosional valleys that developed on the top of the 
Chesterian units prior to deposition of the Pennsylvanian System. 
The rock types in the Chesterian consist of approximately 50 percent 
shale, 25 percent limestone and 25 percent sandstone. The sandstones 
generally offer the greatest potential for disposal zones due to their higher 
permeabilities. These sandstones were deposited as sheet and channel phases, 
with maximum thicknesses of 20 and 140 feet, respectively. These sandstone 
phases are similar in character to those found in sandstones of the 
Pennsylvanian; however, the Chesterian sandstones tend to have broader areas 
of distribution. The more important aquifers include the Palestine, 
Waltersburg, Tar Springs, Hardinsburg, Cypress, and Bethel Sandstones. 
Hydrogeologic Characteristics of Mississippian 
Mineralization of groundwater in the Valmeyeran and Chesterian units 
ranges from low in the outcrop areas to a maximum of 100,000 to 160,000 mg/L 
TDS in the Illinois Basin. Groundwater with low total dissolved solids occurs 
in the narrow outcrop area in southern Illinois, in the narrow outcrop area on 
the bedrock surface from Douglas to Iroquois Counties, and in the broad area 
between and adjacent to the Illinois and Mississippi Rivers. A short distance 
down dip from these areas the groundwater rapidly becomes more mineralized. 
Detailed maps showing the heavy brine concentrations in the principal 
aquifers (oil pay zones) have been published by Meents et ale (1952). 
Figures 4-15 and 4-16 show the estimated position at which 10,000 mg/L 
groundwater is encountered in the Valmeyeran and Chesterian, respectively. 
Note that the greater depth of burial of the Valmeyeran displaces the boundary 
a short distance further south or west in this unit than the position of the 
boundary in the overlying Chesterian. Valmeyeran units at shallow depths in 
the northwest, in the northeast, and in the narrow outcrop band in the south 
are classified as potential USDW. 
Water supply development in the Chesterian is limited essentially to the 
outcropping areas of this series and locally may extend a few miles down dip 
from the outer margin of the Pennsylvanian units. Sandstones and fractured 
limestones have provided very small to moderate «1 gpm to over 70 gpm) yields 
to wells. Specific capacities for wells finished in sandstones have a 
reported range of 0.08 to 1.1 gpm/ft and a median value of 0.3 gpm/ft 
(Csallany, 1966). Brine wells finished in the Tar Springs and Bethel 
Sandstones that were used as a water source for water flooding operations in 
the oil fields have reported yields of 12 to 52 gpm with large drawdowns 
(Pryor et al., 1957). 
Water supply development has been more extensive in the Valmeyeran. 
Yields typically range from a few gpm to over several hundred gpm from 
fractured limestones. Maximum water well yields of 25 to 75 gpm are reported 
for sandstones (Aux Vases). Median specific capacities for water wells range 
from 0.12 gpm/ft for the limestones in the upper Valmeyeran to 1.02 gpm/ft for 
the Burlington-Keokuk Limestone. The capacity of the more deeply buried, 
brine-filled units is expected to be smaller than that reported for wells 
yielding potable water. 
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Data from tests run on potential oil producing horizons in both series 
show porosities to be relatively low, averaging 16 to 18 percent for most 
units (Whiting et al., 1964 and Mast, 1967). Permeabilities are also 
relatively low. Oil producing sandstones 10 to 20 feet thick in the 
Chesterian have reported values ranging from 68 to 231 millidarcies (Whiting, 
1964). Ford, et al. (1981) summarizes ranges of values of 10 to 24 percent 
porosity and 10 to 480 millidarcies permeability for Chesterian sandstones 
used for oil field brine injection. Similarly, values of 10-20 percent 
porosity and 11 to 3000 millidarcies permeability are recorded for Valmeyeran 
carbonates. Average permeabilities of 168 and 206 millidarcies have been 
reported by Mast (1967) for the limestones of the Valmeyeran (excluding the 
Ste. Genevieve) and the Ste. Genevieve, respectively. Injection rates into 
limestone reservoirs used for water flood projects tend to be larger than 
those observed for sandstone reservoirs (Van Den Berg et al., 1966). 
Pennsylvanian System 
General Description 
Rocks of the Pennsylvanian form two-thirds of the bedrock surface in the 
State and attain a maximum thickness of about 2500 feet in the southeastern 
part of Wayne County. Glacial deposits rest on the eroded upper surface of 
the Pennsylvanian and cover most of its relatively flat-lying units. Units 
tend to thicken southward toward the center of the basin. Subsidence in the 
basin and numerous cycles of sea level fluctuation (more than 50) resulted in 
deposition of thin, laterally extensive limestones, black shales, and coals 
associated with marine and deltaic plain environments. Less extensive but 
thicker units of shale, siltstone, sandstone, and clay accumulated in deltaic 
and adjacent broad lowlands. At least 500 distinguishable units have been 
identified as a result of abrupt and distinct vertical variations in 
lithology. There is widespread occurrence of a number of marker beds. The 
Herrin Coal (Coal No.6) is a widely mapped stratigraphic marker unit in the 
Pennsylvanian rocks (Willman et al., 1975). 
Clastic rocks dominate (90 to 95 percent) the lithologies of this 
system. The lithologies deposited reflect the pattern of sea level 
fluctuation and subsidence in the Illinois Basin, and the proximity of 
sediment sources in adjacent uplands. Sandstones are the dominant lithology 
in the lower part of the Pennsylvanian unit identified as P1 on Figure 4-1, 
but only make up about one-fourth of the rocks in the middle and upper 
parts. Shale and some siltstone constitute the remainder of the lithologies 
in the middle and upper parts except for 1 to 10 percent attributed to 
limestones and coals. Coals (50 are named) are most abundant and best 
developed in the middle part, but constitute less than 3 percent of the rocks 
in this part of the system. Limestones are most prominent in the Bond 
Formation of the upper part of the Pennsylvanian. 
Sandstones occur in two types: 1) channel facies that are relatively 
thick (single units may exhibit thicknesses ranging from a few to 100 feet), 
narrow to fairly broad, winding and sometimes discontinuous deposits and 
2) sheet facies which are thin (up to 20 feet) and generally widespread. Many 
sandstones are fine-grained and may grade laterally to siltstone or sandy 
shale. Medium-to coarse-grained textures are most prevalent in the channel 
sandstones. Locally near the southern and southwestern margins of this 
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system, conglomerates and coarse-grained textures are found in some of the 
sandstones. 
Shales and clays are the dominant lithology type of the Pennsylvanian 
System and these rocks make up 25 to 70 percent of the thickness of the rocks 
in the seven formations. Since deposition took place in a large number of 
depositional environments, there is a broad range of characteristics exhibited 
by these fine-grained clastic rocks both vertically and throughout their areal 
distribution. Shales deposited in the marine environment sequence of units 
lying immediately above coal beds exhibit the most uniform characteristics and 
have the greatest areal distribution. Many of the shales and clays possess 
characteristics that make them adequate confining zones for deep well 
injection disposal. The very low permeability character of the fine-grained 
clastics is demonstrated by the lack of significant fresh water penetration 
into the top of Pennsylvanian rocks. Thin sandstones interbedded in the 
shales generally do not contain fresh water below a depth of several hundred 
feet and highly mineralized water is encountered at depths of 400 to 1000 feet 
below the surface. 
During glaciation, differential hydraulic heads much in excess of those 
that can be expected to be present during waste injection operations existed 
for long periods of time. Under such hydraulic heads the depth of fresh water 
penetration through the shales and into interbedded sandstones was minimal. 
Hydrogeologic Characteristics of Pennsylvanian 
The fresh water zone in the Pennsylvanian is limited to the upper several 
hundred feet except near the outcrop of specific units in the south and in 
localized areas where a thick sequence of permeable units predominate and 
extend downward to depths exceeding several hundred feet. Thick, extensive 
sandstones in the lower part of the Pennsylvanian contain fresh water to 
depths of 600 to over 900 feet at sites located up to 8 to 15 miles down dip 
from the southern and southwestern margins of this system. 
Highly mineralized water (10,000 mg/L TDS) is encountered at depths 
ranging from 400 to over 1000 feet below the land surface as is shown in the 
cross section in Figure 4-8. The distribution of Pennsylvanian units con-
taining groundwater with <10,000 mg/L TDS is shown in Figure 4-7 as Area I. 
Permeable sandstones in the two basal formations of the Pennsylvanian that 
crop out along the southern and southwestern margins of the basin are 
responsible for carrying water with a low mineral content down dip to depths 
of about 1000 feet. 
Yields to wells serving domestic, farm, and public water supply needs 
range from very small to about 150 gpm. Yields in excess of about 25 gpm are 
not common except in the areas with thick sandstones in the south and 
southwest where yields of 40 to 75 gpm are frequently reported. Specific 
capacities for selected groups of wells were shown by Csallany (1966) and 
Pryor et al., (1957) to range from 0.02 to 6 gpm/ft with a median range of 
0.32 to 0.43 gpm/ft. Porosity and permeability values measured from core 
samples and wells associated with oil and gas production range from 9 to 25 
percent and 10 to 1000 millidarcies, respectively. Porosities within most oil 
producing sandstones are relatively uniform, averaging 17 to 20 percent 
(Whiting et al., 1964). In these sandstones permeability tends to range 
between 100 and 400 md and decreases as depth of burial increases. 
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Nonindurated Units 
The bedrock surface is covered throughout most of the State with 
nonindurated sediments. These sediments contain sand and gravel deposits that 
are principal USDW. 
Cretaceous and Tertiary Systems 
Clastic rocks of the Cretaceous System have a maximum thickness of about 
500 feet along the Ohio River and thin rapidly northward to a feather edge. 
In scattered areas of Adams and Pike Counties deposites similar in character 
to glacial units reach thicknesses of 100 feet. Sands and some silts, clays, 
and gravels are the principal lithologies. In the south, the Cretaceous units 
are covered by Tertiary sands and silty clays that have a maximum thickness of 
400 feet in the vicinity of Cairo. Rapid subsidence at the northern edge of 
the Mississippi Embayment is responsible for these wedge-shaped deposits. 
Figure 4-1 shows the distribution of these units. 
Quaternary System 
The Quaternary System forms the surficial earth materials throughout most 
of the State and consists of glacial drift, loess, residual soil, and alluvial 
deposits. The Glacial Map of Illinois (Willman and Frye, 1970) and the 
Quaternary Deposits Map (Linebach, 1979) show the distribution and character 
of the surficial deposits of the State. Thicknesses range from zero to about 
600 feet (Piskin and Bergstrom, 1975). Figure 4-17 shows the thickness of the 
Quaternary deposits. These deposits are composed primarily of glacial units 
whose thickness is strongly affected by a system of valleys on the bedrock 
surface (Figure 4-18). 
The nonindurated deposits contain fresh water and are a principal source 
for domestic, agricultural, industrial, and public water supplies. Detailed 
geologic information for these systems is covered by Willman et ale (1975), 
Frye et ale (1970), Kolata et ale (1981), and Berg and Kempton (1984). 
Geologic Units With Potential Waste Disposal Zones 
Potential disposal zones occur within a number of broadly defined 
geologic units. The entire unit or permeable zones within a unit may be 
suitable for disposal. Confining units may be defined likewise. Table 4-1 
lists the units that may provide suitable injection zones in selected areas of 
the State. The associated confining unit for each disposal unit is given in 
the right column. The areal distribution for these disposal units can be 
determined on the map in Figure 4-7. Each area on the map represents the 
uppermost unit that may contain a potential disposal zone(s). All geologic 
units buried at greater depth than the mapped unit may also have potential 
disposal zones. Figure 4-3 provides a relatively detailed compilation of 
units in each rock system. The brief description to the right of the geologic 
column identifies the hydrologic roles of the more significant units. 
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GEOLOGIC UNITS IN ILLINOIS WITH SIGNIFICANT POTENTIAL 
DISPOSAL ZONES AND PRIMARY CONFINING INTERVALS 
Principal Injection Units 
Mississippian System 
Chesterian sandstones 
Valmeyeran limestones & 
sandstone (selected 
units) 
Silurian-Devonian Systems 
Hunton Group 
Cambri an System 
Eminence-Potosi Dolomite 
Mt. Simon Sandstone 
Minor Injection Units Upper Confining Units 
Pennsylvanian System 
sandstones 
Ordovician System 
St. Peter Sandstone 
Cambrian System 
Ironton-Galesville 
Sandstone 
Table 4-1 
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Pennsylvanian shales 
Chesterian shales 
Valmeyeran limestones 
(tight) ~nd shales 
New Albany Shale Group 
Galena-Platteville 
Groups/Maquoketa 
Shale Group 
Prairie du Chien Group 
Franconia Dolomite 
Eau Claire Shale 
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GEOLOGIC CHARACTERISTICS IMPORTANT TO SITING AND OPERATING INJECTION WELLS 
Waste disposal in the subsurface via Class I wells involves the entire 
geologic environment in the vicinity of the disposal well. The vertical 
extent of this influence ranges from the surface environment supporting the 
surface facilities required to operate a disposal system to the basal 
confining unit underlying the geologic unit that receives the injected waste 
stream. All geologic units lying between these boundaries, but most par-
ticularly the primary confining unit that overlies the injection zone, must be 
thoroughly evaluated to insure lifetime integrity of the disposal well and 
adequate confinement of the proposed waste stream within the disposal zone and 
its confining units. The lateral extent of influence is determined by many 
factors that control both the radial movement of waste and the radial 
distribution of the pressure front from the well bore. The area of the 
disposal zone and its confining units affected by an increase in pressure is 
much larger than the area invaded by the wastes. The extent of the area in 
the disposal zone influenced by the disposal operation, the nature of the 
influence, and the magnitude of the influence must also be evaluated relative 
to other existing or potential uses of the disposal zone, its confining units 
and all other geologic units lying above or below the area of influence. 
The geologic characteristics important to siting and operating Class I 
injection wells, to determining the area influenced by well operation and to 
evaluating the impacts of well operation within the area of influence may be 
divided into two general categories: 1) those directly controlled by the 
subsurface environments and 2) those that limit the use of the subsurface 
environment for disposal. 
Factors Controlling Selection of Disposal Zones and the Areal Extent of 
Disposal Influence 
The main goal in selecting a disposal zone at a specific site is 
isolation of the injected waste stream from all overlying drinking water 
sources, mineral and fuel resources, and those portions of the environment 
under use by man. Each site has its own set of unique characteristics that 
requires evaluation to determine both the suitability for injection and 
potential impacts of injection. 
Geologic Factors 
The lithologies associated with the disposal zone system can be divided 
into two main categories based on the capacity to allow or restrain the flow 
of fluids: 1) the porous, permeable rocks and 2) the tight, relatively 
impermeable rocks. The porous and permeable category, that serves as 
aquifers, reservoirs, and disposal zones, is made up principally by sandstones 
and permeable carbonates (limestone and dolomite). The rocks in the low 
permeability category, that are used as confining intervals, consist of the 
fine-grained clastic rocks (shale and siltstone), the unfractured, low 
permeability carbonates, and the unfractured metamorphic and igneous rocks. 
Injection is possible in all lithologies; however, it is not practical for 
most low permeability lithologies because injection rates and storage capa-
cities are low and hydraulic fracturing or cavern excavation may be re-
quired. Lithologic characteristics important to the waste injection system 
include: grain size, grain size distribution, grain cementing agent and 
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degree of cementation, porosity, permeability, and the thickness. The 
uniformity of these characteristics in the disposal zone portion of the well 
bore and extending radially from the well to the maximum extent of influence 
generated by operation of the well is also important. In Illinois, the porous 
carbonates can be expected to exhibit the best disposal potential; however, 
these rocks have less predictable reservoir characteristics than do the 
permeable sandstones. 
The structural and geologic framework of a specific site and its 
relationship to the regional geologic setting must be known to understand the 
geologic processes that have controlled the deposition of the rock sequence 
and that will directly control the injection and containment behavior of the 
proposed disposal system. Rocks units deposited in a broad sedimentary basin 
provide the optimum conditions for waste disposal because there is generally a 
widespread distribution of relatively uniform geologic characteristics. 
Structural features such as minor folds and flexures do occur in all 
sedimentary basins but have relatively minor effect on disposal potential. 
Faulted and strongly folded rocks may possess some permeable dislocations and 
open fractures through which fluids under a hydraulic gradient could move. 
Such features in primary confining units are not desirable because the 
capacity of these rock units to confine wastes could be compromised. 
Fractures and small dislocations in the rock of the disposal interval 
generally do not adversely effect di sposal capacity, but they generally 
produce some degree of anisotropy in flow conditions. Review of geologic 
records, examination and testing of drill cuttings and core, evaluation of 
selected geophysical logs, and hydraulic testing of the well are means by 
which the degree of fracture development in rock units can be determined. 
The depth to the shallowest potential disposal zone is determined by the 
combined thickness of the rocks containing all overlying USDW and the primary 
confining unit(s) of the shallowest potential disposal zone. As the depth of 
burial for disposal zones increases, rock units tend to show a decrease in 
porosity and permeability and an increase in the temperature, degree of 
cementation, and level of groundwater mineralization. Generally below depths 
of 8000 to 10,000 feet the porosity and permeability values of the sandstones 
are expected to be too low for Significant disposal potential. However, 
selected carbonates with solution development of fractures may locally exhibit 
a greater potential for accepting injected waste at these depths than 
sandstones. The shallowest depths for potential disposal zones occur in the 
Pennsylvanian in the south-central part of the State. Although numerous 
shallow units may qualify for disposal, many of these shallow units lack a 
significant injection capacity. 
The geometric dimensions of each disposal zone and its overlying and 
underlying confining units must be adequate to accept and contain the 
wastestream. The thickness of a disposal zone may range from a few tens of 
feet to several thousand feet, but generally the range is from 100 feet to 500 
feet. The upper and lower boundaries of the disposal zone must be established 
and be located at the contact of the confining bed. The horizontal dimensions 
should be adequate to handle the injected waste for the duration of the 
proposed well life. Likewise, the confining unit thickness and lateral extent 
must be adequate to prohibit the transport of formation water, waste water, 
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and hazardous or toxic substances through the confining interval for the 
duration of active injection and extending into the future until the bottom 
hole pressure in the injection zone reaches the preinjection pressure. 
Uniformity of geologic conditions in the vicinity of the well determines 
the pattern of the area influenced by injection and is an important factor in 
evaluation of the subsurface environment. Careful measurement of the 
lithologic character, porosity, permeability, and mineralogy of the rocks 
encountered in the well bore and the lateral determination or extrapolation of 
these features throughout the area influenced by the injection operation are 
vital to predicting the transport of the waste in the injection zone and the 
confining intervals. Oil and gas exploration and gas storage operations have 
generated many site data on these parameters at many locations in the Illinois 
Basin. Well records from oil and gas exploration and gas storage projects are 
on file at the State Geological Survey. Illinois Commerce Commission Hearing 
documents for gas storage projects include much geologic test data. Many 
geologic units in the Illinois Basin, particularly in the lower Paleozoic 
units, have broad distributions of relatively constant values of these 
parameters reported in these files and record. Since Illinois is essentialy 
covered by one broad sedimentary basin, these distributions for some units 
cover many thousands of square miles of area. 
Hydrogeologic Factors 
Fluid flow in earth materials is controlled by certain physical 
properties of the pore fluid and the media in which flow occurs. These 
properties include the density and viscosity of the fluid, permeability and 
porosity of the media, and the compressibility of both fluid and media. A 
description of the flow pattern that is expected to develop with time requires 
knowledge of the spacial character of these properties, and the capacity of 
the disposal and confining units to place injected fluid into "compressible" 
storage. The area of influence for any disposal operation is dependent on the 
above described properties and the bottom hole injection pressure applied to 
the injected wastestream. 
The density and viscosity of formation and wastestream fluids are 
determined when compatibility tests are conducted and the results are reported 
in the compatibility study. Adjusting the values of these test results to 
disposal zone conditions can be done knowing formation temperature and the 
bottom hole pressure on the disposal zone fluid. During injection the 
temperature in the disposal zone opposite the well bore is constantly changing 
in response to the variable temperature of the injected wastestream and the 
heat generated by chemical reactions of the waste with constituents of the 
disposal zone. 
Porosity is a measure of the void spaces; i.e., pores, cavities and open 
fractures, relative to a unit volume of rock, and is expressed as a per-
centage. Permeability is a measure of the capacity of the rock to transmit a 
fluid through the pores and fractures and is measured in a unit called the 
millidarcy. The size of the pores and their interconnecting channels and the 
degree of interconnection of pores affects flow characteristics. Effective 
porosity, which may in some cases be several times smaller than the total 
porosity, provides a measure of the porosity actively involved in the fluid 
flow. The effective porosity and permeability control the injection rate and 
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the pressure required to obtain this injection rate. Both effective porosity 
and permeability are important in determining the thickness of the confining 
unit needed to retain the waste in the disposal system for the life span of 
the hazardous component(s) in the waste. Effective porosity is an important 
factor in determining the average velocity of the waste moving in the disposal 
zone as the waste spreads radially from the well bore. 
The compressibility of formation fluid and the rock matrix are small 
factors but can represent a large potential volume of water due to the large 
area of influence associated with the injection pressure buildup. The 
injection zone must therefore be extensive and relatively uniform in character 
to accommodate this area of influence. Heterogeneities in porosity and 
vertical and horizontal variations in permeability caused by changes in 
lithology, degree of cementation, faults, changes in degree of solution of 
crevices, etc., affect the rate at which fluid can be placed in storage. 
Fluid compressibility is affected by both the temperature and pressure of 
the disposal zone. As the depth of burial increases in the subsurface the 
water becomes less compressible per unit increase in pressure, but there is a 
small increase in compressibility as the temperature rises. The presence of a 
gas phase in the fluid of the disposal zone produces a large storage capacity 
as pressure is increased, but gas also blocks fluid movement through pores. 
Rock matrix compressibility is related to the type of rock, degree of 
compaction, cementation status, and diagenetic history. As depth of burial 
increases, the degree of compressibility declines (Krumbein and Sloss, 
1953). Geerstma (1957) identifies compressibility in rocks attributable to 
the matrix, the pores of the rock, and the bulk of the rock. 
The rate at which the waste front moves radially from the well bore with 
time is a product of both fluid going into storage and the lateral 
displacement of fluid away from the well. The increase in storage capacity of 
the disposal zone per incremental change in pressure is related to the 
porosity of the rock and the compressibility factors of the formation water 
and the rock matrix. Formations with higher permeabi1ities can dissipate the 
pressure buildup more quickly than low permeability units, thus, formations 
with higher permeabi1ities have less residual pressure buildup in the disposal 
zone due to injection activities than is observed in units with lower 
permeabi1ities. 
Calculation of the position of the waste front from the well bore assumes 
there is no significant mixing of the waste fluid with formation water caused 
by dispersion or overrun of waste and formation fluid by a density/gravity 
separation. Since a significant portion of the volume of fluid injected into 
the disposal zone goes into compressive storage, the waste front expands more 
slowly than would occur with only piston-like displacement of formation water 
by the injected waste. Differential rates of movement for some of the com-
ponents in the waste can be expected due to interactions between these 
components and the formation matrix. 
The piezometric surface of potential injection zones in Illinois may 
range from several hundred feet below to nearly 200 feet above the land 
surface with fresh water in the well. Injection produces an increase in the 
bottom hole pressure of injection zones by an amount that is determined by 
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injection rate, waste density and the capacity of the disposal zone to accept 
the injected fluid. The maximum allowable increase in bottom hole pressure is 
set at 0.65 of the preinjection bottom hole pressure at the top of the 
injection zone. Injection that raises the bottom hole pressure to this 
pressure or higher in Illinois may initiate fracture dvelopment on the surface 
of the well bore. Propagation of the initiated fracture deeper into the rock 
surrounding the well bore would require an increase in pressure by the 
addition of much more energy (horsepower on the pump). The amount of pressure 
in excess of preinjection bottom hole pressure needed to initiate fracturing 
can be determined by running a pressure-monitored injectivity test. Fracture 
gradients determined in this manner are expected to show that many formations 
in Illinois will have fracture gradients larger than 0.65. 
Fracture gradients for deeply buried formations in various geologic 
settings around the earth may range from much less than 0.4 in overpressured 
regions to over 1.5 for high strength rock units with very low piezometric 
levels. Many confining zones appear to require somewhat greater pressure to 
initiate fracture development than that required to fracture rock in injection 
zones. Several carbonate disposal zones (particularly the Eminence-Potosi 
Dolomite) at selected sites in Illinois have the capacity to accept very large 
injection volumes (>500 gpm) for a considerable length of time under gravity 
flow into the well. 
Many formulas used to calculate the hydraulic properties of the disposal 
system assume ideal conditions for permeability and porosity. Uniformity 
means these parameters are uniform throughout the disposal formation; i.e., 
independent of location (homogeneous) and direction (isotropic) in which 
measurement is made. Real world injection zones are layered and horizontal 
variabilities are common. These variabilities were generated by small 
variations in the environment of deposition or forces acting on the rock since 
deposition took place. The degree of nonhomogeneity and anisotropy in these 
parameters both in the disposal zone and in the confining beds can affect the 
disposal operation and the flow pattern of waste in the disposal zone. Since 
some degree of variability can be expected in all hydrogeologic factors, the 
magnitude of the variability in these factors should be figured into the 
predicted performance of the waste disposal system and the calculation of the 
radius of influence. 
Geochemical Factors 
The groundwater and the mineral components exposed on the surface of 
mineral grains making up the rock matrix have established a fair level of 
chemical equilibrium prior to injection due to the very slow movement of 
groundwater in deep flow systems. The constituents present in both the 
groundwater and the surface of the rock matrix provide clues to the origin, 
history, and processes that have historically operated on both the water and 
the rock. The introduction of a waste fluid into any potential disposal zone 
will upset this established equilibrium. The degree of compatibility between 
the waste and the water and rock will determine the amount of adverse, 
neutral, or beneficial reactions attempting to reestablish chemical 
equilibrium. The capacity of the disposal zone to accept the injected waste 
stream at acceptable injection rates and pressures for the life of the 
disposal well, to retain the waste within the disposal system, and to possibly 
reduce the hazardous or toxic constituents to an acceptable level is 
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determined to a great measure by the geochemical and microbiological processes 
operating in the disposal zone. A detailed discussion on compatibility is 
covered in Chapter 2. 
The chemical processes controlling the possible interactions between the 
injected waste and components of the subsurface environment are complex and 
must be examined and understood in the light of all conditions operating in 
the disposal zone, including bottom hole temperatures and pressures. Once the 
framework in which chemical reactions operate is established, the effects of 
the various reactions on the fate of the waste in the disposal environment and 
on the integrity of the disposal system can be determined. This is a 
difficult task to accomplish in the laboratory. In the past most com-
patibility evaluations were short-term tests run under standard laboratory 
pressure and temperature conditions. The principal results of such tests gave 
answers concerning the degree of incompatibility that would hinder the 
injectivity potential of an injection zone. 
Factors limiting the Use of the Geologic Enviromment for Deep Well Disposal 
USDW 
All water-yielding units containing groundwater with less than 10,000 
mg/L TDS have been reserved as a drinking water source by the Safe Drinking 
Water Act of 1974. Subsequent amendments have established regulations for 
waste disposal activities to prohibit contamination or adverse alteration of 
the quality of the USDW. Two categories of water exist in the USDW of 
Illinois: (1) aquifers containing potable fresh water «2500 mg/L TDS) that 
is or potentially could be used directly as drinking water sources for human 
and livestock usage and (2) aquifers having more heavily mineralized water 
(2500 to 10,000 mg/L TDS, or brackish water) that could be readily treated to 
drinking water standards. Also note that some livestock, which have been 
acclimated to drinking heavily mineralized water, can use water with a total 
dissolved solids content somewhat greater than 2500 mg/L. 
The upper mineral content boundary selected for the USDW marks the 
position at which groundwater exhibits a rapid increase in mineral content 
over a short distance in the down dip direction in an aquifer or over a 
vertical distance of a few hundred feet or less in very thick aquifers. Water 
with a mineral content greater than 10,000 mg/L TDS is defined as saline 
water. 
In thick aquifers containing a vertical profile of fresh and brackish 
water floating on saline water, the mineral content of the water shows a 
gradual increase with depth. Near the depth position at which 10,000 mg/L TDS 
is encountered the rate of change in mineral content increases sharply and 
maintains a fairly rapid increase downward below this boundary until a mineral 
content of at least two to four times this value is reached. At greater 
depths the rate of change per unit increase in depth decreases. A similar 
pattern is observed in a horizontal direction in relatively thin aquifers in 
which fresh water has been pushed down dip under a hydraulic head that has 
pushed the saline formation water ahead of it. Near the position at which a 
mineral content of 10,000 mg/L is encountered, the rate of change in mineral 
content per unit distance down dip increases significantly. The rate of 
change noted at the 10,000 mg/L boundary generally continues down dip until 
the mineral content increases by a factor of 6 to over 12. 
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The distribution patterns of USDW in Illinois are determined by the 
lithology, thickness, burial depth, areal extent, permeability, and geographic 
location of geologic units capable of yielding drinking water. Figures 4-4, 
4-5, and 4-6 show the distribution of three categories of geologic units 
containing USDW. Public water supply wells are marked on these maps which 
respectively show the distribution of unconsolidated deposits aquifers, 
shallow «600 feet) bedrock aquifers, and deep (>600 feet) bedrock aquifers 
(from Shafer, 1985). Private wells finished in the various aquifers of the 
State tend to be concentrated at the shallower depths. The depth intervals 
occupied by the primary «2500 mg/L TDS) and secondary (>2500 mg/L) fresh 
water aquifers at each deep disposal well are shown in the geologic columns in 
Figures 2-2, 2-3, and 2-4. 
Groundwater is the source of water for 35 percent of the population of 
the State (Kirk et al., 1985). Average daily consumption was estimated in 
1984 (Kirk et al., 1985) to be 475 mgd. Fresh water is also used extensively 
by industry (power generation and cooling) and agriculture (irrigation). 
Figure 4-3 identifies the principal rock units capable of yielding 
groundwater for drinking water purposes. The column marked "Hydrogeologic 
Description" briefly summarized the hydrogeologic role of the principal 
sedimentary units in the State. Note that fresh water occurrence in the 
Pennsylvanian units is limited to the upper few hundred feet of bedrock except 
in the southern part of the State. In the south, thick permeable sandstones 
at the base of the Pennsylvanian contain fresh water that extends down dip up 
to fifteen miles from the outcropping of the units and to depths approaching 
1000 feet. 
Fresh water occurs to great depths in bedrock units in the northern 
quarter of the State. Near the Wisconsin border, wells encounter primary 
drinking water to depths of about 2500 feet in the Elmhurst-Mt. Simon 
aquifer. The southern limit of fresh water occurrence in the top of this unit 
is shown on Figure 4-10. The northern boundary of Area V on figure 4-7 also 
marks the approximate position of this same boundary in the Elmhurst-Mt. 
Simon. 
Figure 4-8 is a cross-section that shows the approximate position of the 
base of the USDW. The relatively thick, extensive aquifers with moderate to 
larger permeabilities have down dip tongues of fresher water under units with 
highly mineralized water in the central and extreme southern parts of the 
State. Aquifers in the glacial deposits of the Pleistocene Series and in the 
semiconsolidated silt, sand, and gravel units of the Cretaceous and Tertiary 
Systems all contain fresh groundwater. 
Adequacy of Confining Units 
The confining unit represents the principal means by which waste is 
retained in the disposal system. By definition the disposal system consists 
of the disposal zone, its overlying and basal primary confining units, and a 
well to conduct the waste to the disposal zone. A thorough evaluation of the 
capacity of confining units to retain the waste is required in order to 
determine the long-term fate of the injected waste, displaced formation water, 
and the elevated pressure head generated by the injection operation. 
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Injection requires raising the hydraulic head of the fluid in the well 
bore above the static pressure head on the fluid in the rock surrounding the 
exposed well bore. As injection proceeds the elevated pressure from injection 
rapidly radiates laterally through the injection zone. A confining unit is 
needed both above and below the injection zone to restrict the injection 
pressure within this zone. The thickness of this confining unit will be 
determined by the permeability of the unit, the pressure gradient acting 
across the unit, the length of life of the disposal operation, and the amount 
of time required for the elevated pressure in the injection system due to 
injection activities to dissipate after injection ceases. 
Procedures are available to calculate the pressure gradient across the 
primary confining unit and the penetration rate of waste components (solutes) 
through the confining unit at specific time intervals following initiation of 
injection. Basic data requirements for such an analysis will necessitate 
collecting available data from all subsurface sources and running a minimum 
number of geophysical logs and tests on the overlying confining zone during 
well construction. 
Shales, unfractured carbonates with low primary and secondary porosities 
and many unfractured and unweathered igneous and metamorphic rocks qualify as 
confining units. Shales are generally the most desirable lithology; however, 
in the Illinois Basin the very thick, low permeability carbonates can serve 
equally well as confining units. 
Seismicity 
Earthquakes are infrequent events in Illinois and most of those recorded 
in the State's history have been low to moderate magnitude and intensity 
events (Figure 4-19). The largest earthquake events in the recorded history 
of Illinois occurred in the New Madrid, Missouri area during 1811-1812. Since 
earthquake waves travelling through earth materials can affect deep well 
disposal systems, the magnitude and intensity of these events may have a 
direct bearing on deep well disposal activities. 
An earthquake is a rapid release of stress that has built up in earth 
materials. The energy released sends out a radiating pattern of waves. The 
magnitude of an earthquake is a measure of ground motion at a point of 
interest. Richter (1935) devised a logarithmic scale that relates ground 
movement to the amount of energy released. An increase in a whole number on 
the Richter Scale represents a 10-fold increase in energy release. 
Another measurement of interest is the intensity of an earthquake. This 
parameter is a measure of the amount of shaking, the damage level to property, 
and the deformation of the earth that is felt or observed at a specific 
location. Since earthquake energy does not move out uniformily in a radial 
pattern from the epicenter, it is noted that the configuration of intensity 
patterns around epicenters reflects the nature of wave generation at the 
epicenter and the effects of wave propagation through earth materials and man-
made structures. Hard rock transmits energy more efficiently than soft or 
loose rock materials, thus hard rock is shaken less severely. 
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Energy transmission takes place through several types of wave motion. 
Any body receiving the waves can transmit the energy by reflecting it, 
transmitting it, or absorbing it. Absorption of the energy occurs when the 
transmission rate is slower than the rate at which it is received. Any body 
that absorbs energy will shake violently. Energy may also build up amplitude 
if the earthquake waves are resonant with the natural frequencies of vibration 
of the rock body or man-made structure through which the waves pass. An 
excessive buildup of amplitude in the body may cause failure to occur. 
The Modified Mercalli Intensity Scale (see Table 4-2) is one of many 
intensity scales devised to measure earthquake intensity. Most earthquakes in 
Illinois have generated intensities of VII or less. The November 9, 1968 
event in Hamilton County in southeastern Illinois has been the largest 
earthquake event of the present century. It had a registered magnitude of 5.5 
and an estimated intensity of VII (Heigold, 1968; Stauder and Nuttli, 1970; 
Gordon et al., 1970). The New Madrid earthquake of 1811 had generated an 
estimated intensity of at least IX in the Ohio valley area of Illinois, an 
intensity that resulted in a significant level of damage in the very southern 
portion of the State. This event had an estimated magnitude of 7.2 on the 
Richter Scale. This was a major earthquake. 
The frequency and intensity of earthquake events in Illinois are of 
particular interest where the intensity is sufficiently large to cause damage 
to waste disposal wells or possibly alter the hydrogeologic properties of the 
disposal zone rocks. Seismic risk in Illinois is shown on the map in Figure 
4-20 (adapted from Algermissen, 1969). This map identifies three regions in 
the State on the basis of potential risk for a selected level of damage to 
occur from earthquake events. This map suggests that caution is advised for 
disposal systems proposed for siting in Region 3. Region 3 is defined as 
having a significant potential for severe damage from earthquakes centered in 
the region or more likely from earthquakes with epicenters located in the New 
Madrid area. 
Any well sited in or near Region 3 should have an evaluation of well 
construction criteria to insure that the design criteria are based on the 
design earthquake for the siting area. A design earthquake is the largest 
earthquake that can be expected to occur in the vicinity of the well site. 
Nuttli (1973, 1978) describes the assessment procedure for determining design 
earthquakes in the central United States. A structural analysis of both the 
well design criteria and the rocks penetrated by the well will identify the 
adequacy of the proposed well design and the disposal zone to continue 
compliance with the UIC regulations during and after an earthquake equal to or 
smaller than the design earthquake. 
Earthquakes in Illinois and adjacent regions, except those associated 
with the New Madrid seismic zone, typically have had intensity values of I to 
VII (Figure 4:19). Future earthquakes originating in Illinois and the same 
adjacent regions are expected to have a low frequency rate and intensity 
values ranging from I to IV. Intensities in this range are not associated 
with serious damage to man-made structures. An infrequent occurrence of more 
severe earthquakes can be expected for the New Madrid area southwest of 
Illinois. 
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Scale 
degree 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
x 
XI 
XII 
Effects on 
persons 
Not felt except 
by few under 
favorable cir-
cumstances. 
Felt by few at 
rest. 
Felt noticeably 
indoors. 
Standing cars 
may rock. 
Felt .generally in-
doors. People a-
wakened. 
Fel t generally. 
Felt by all. 
Many frightened. 
Everyone runs out-
doors. Felt in 
moving cars. 
General alarm· 
Panic. 
Panic. 
Panic. 
Panic. 
MODIFIED MERCALLI INTENSITY SCALE 
Effects on 
structures Other effects 
Rossi-Forel 
equivalent 
Some plaster falls. 
Chimneys, plaster 
damaged. 
Moderate damage. 
Very destructive 
and general dam-
age to weak 
structures. Lit-
tle damage to 
well built struc-
tures. 
Total destruction 
of weak struc-
tures. Consider-
able damage to 
well built struc-
tures. 
Masonry and frame 
structures com-
monly destroyed. 
Only best build-
ings survive. 
Foundations ruined. 
Few buildings sur-
vive. 
Total destruction. 
Delicately sus-
pended objects 
swing. 
Duration esti-
mated. 
Cars rocked. 
Windows. etc •• 
rattled. 
Dishes. windows 
broken. Pendu-
lum clocks stop. 
Furniture moved. 
Objects upset. 
Monuments, walls 
down. Furniture 
overturned. Sand 
and mud ejected. 
Changes in well-
water levels. 
Foundations dam-
aged. Under-
ground pipes 
broken. Ground 
fissured and 
cracked. 
Ground badly 
cracked. Rails 
bent. Water 
slopped over 
banks. 
Broad fissures. 
Fault scarps. 
Underground 
pipes out of 
service. 
Acceleration ex-
ceeds gravity. 
Waves seen in 
ground. Lines of 
sight and level 
distorted. Objects 
thrown in air. 
From Heigo1d, 1972. 
I 
I-II 
III 
IV-V 
V-VI 
VI-VII 
VIII 
VIII-IX 
IX 
x 
x 
x 
Equivalent shal-
low magnitude 
5.5 
6 
8.0 
8.5 
after Wood and Neumann, 1931; Richter, 1958. 
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Caution is recommended for sites located on soft, loose surficial 
materials, such as those under portions of many floodplains. These materials 
are slow transmitters of seismic energy which tend to enhance intensity 
values, and thereby, may subject surface facilities and well heads to an 
increased possibility of damage. 
Earthquakes associated with the New Madrid seismic zone are much more 
frequent than observed in adjacent areas. Events with magnitudes less than 
4.5 occur annually or more frequently; however, destructive events with 
magnitudes in excess of 5.7 on the Richter Scale occur very infrequently. The 
damage associated with these infrequent, large magnitude events account for 
most of the risk potential assigned to region 3 in Figure 4-20. 
The response of the waste disposal well system to severe, damaging 
seismic events is an area needing further study with regard to maintaining 
mechanical integrity of the well and the confining zones. Information 
generated by such a study effort could provide a basis for: (1) minimum well 
design criteria tied to the geographic location and site geology for wells 
sited near seismically active areas, (2) possible limitations needed in well 
operations to maintain the integrity of the confining zones for sites located 
in moderate to severe seismic risk areas, and (3) delineation of geographic 
areas in which disposal practice should be limited or prohibited. 
Mineral and Fuel Resources and Subsurface Storage 
Significant subsurface mineral and fuel resources are found in many of 
the sedimentary rock units qualified to receive injected wastes. Oil and some 
gas have been exploited in many of the permeable units lying above the St. 
Peter Sandstone. Oil production is mainly associated with Mississippian age 
deposits; however, significant production has been developed in other units. 
The region of production is confined to the Illinois Basin as is shown in 
Figure 4-21. Numerous exploration and production wells have been drilled in 
and adjacent to the oil and gas fields shown in this figure. These wells have 
yielded a wealth of information about subsurface conditions. However, any 
wells penetrating the disposal system units within the area of review provide 
an avenue for fluid escape and therefore such wells must be properly plugged 
and abandoned. 
Coal deposits in the Pennsylvanian System are more widespread in 
occurrence than oil and gas resources. Frequently, multiple coal deposits 
exist at a specific location, but only a few of these deposits have adequate 
thickness to be mined. Most coal mining has been done at relatively shallow 
depths and in rock units in which the groundwater is less than 10,000 mg/L 
TDS. Figure 4-22 shows the distribution of areas mined out by major coal mine 
operations. Recently developed deep mines in the southeast are not shown on 
this map. Significant reserves of thick coal deposits have not been tapped in 
many areas of the State. 
Building stone, agricultural lime, clay, sand, and gravel are important 
mineral products but these are obtained from surface or near surface mineral 
sources. Minor amounts of metals, fluorite, barite, and tripoli mining are 
done at relatively shallow depths near the southern tip of the State. 
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Underground gas storage is done in deep aquifers where there is an 
adequate caprock to confine the stored gas and a subsurface structure with 
sufficient closure to insure containment of the gas bubble around the 
injection and withdrawal wells. Figure 4-23 (after Buschback, 1974) shows the 
distribution of these storage fields. 
Compressed air energy storage in porous media, with the same criteria for 
adequate caprock and structural closure as required in natural gas storage, 
has been demonstrated recently to be feasible at a test project site in Pike 
County. This type of storage can also be done in caverns excavated in the 
rock at depths up to several thousand feet below the surface. Storage of 
liquified natural gas in excavated caverns is practiced in the State and storm 
water is stored in tunnels excavated beneath Chicago. The future development 
and use of other types of subsurface storage at shallow and moderate depths is 
likely to increase; e.g., the SSC Project proposed adjacent to Fermilab in 
northern Illinois (Kempton et al., 1985). 
Waste disposal in deep subsurface formations must not adversely impact 
the significant subsurface mineral, fuel, and priority storage space resources 
of the State. Conversely, future, existing and former resource development in 
the area of influence of deep well disposal sites must not breach the 
naturally occurring confinement potential of the confining zones surrounding 
the disposal zone of active disposal wells and all abandoned wells in which 
there is a residual remnant of the injection pressure or hazardous waste 
components in the underlying disposal zone. 
The Land Surface Environment 
The surface environment does not affect the operational character of the 
well nor impact the deep subsurface disposal environment; however, any leakage 
or spillage of waste at the well head or from equipment used in conjunction 
with the well could impact shallow groundwater resources. Site specific 
descriptions of the surface deposits, the nearby public water supply sources, 
and the impact of potential spillage on the surface--near surface environment 
are discussed in Chapter 2. Waste leakage from piping, the manufacturing 
process area, storage tanks, and surface lagoons is covered under RCRA 
Regulations for each of the deep well disposal sites. 
Sites located in the larger alluvial valleys or in areas with soft, 
unstable, unconsolidated surficial deposits should be given special 
consideration for well design in those regions with a moderate to severe risk 
for damage by seismic events. Such deposits are poor transmitters of seismic 
energy and thus shake more violently than the underlying bedrock or adjacent 
uplands which are covered by firm glacial deposits over bedrock. 
In addition to the geologic factors that control the siting of deep 
disposal wells, there are also geographic considerations. These include 
proximity to population centers, availability of adequate transportation 
facilities, and surface siting preferences of industries generating large 
volumes of liquid wastes that are diffcult to treat and properly dispose of. 
Commercial disposal well facilities may show more sensitivity to geographic 
factors than disposal facilities located at the plant site of the waste 
generator. Illinois currently does not have any commercial disposal well 
facilities. 
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Deep well disposal in saline formations appears to be the largest use 
being made of subsurface space outside those areas in which mineral and fuel 
production has taken place and resources of commerical value have been 
identified. However, deep well disposal makes use of a very small fraction of 
the total available unused subsurface storage space. Radial expansion of the 
waste front from the well bore over the design life (generally 20 years)of the 
well may extend it beyond the lease limit or surface property boundaries of 
the well operator. There is no restriction on subsurface storage use beyond 
obtaining and meeting the regulatory requirements of an operating permit and 
not adversely impacting drinking water or mineral and fuel resources with a 
commercial value. 
RISK ASSOCIATED WITH THE USE OF THE SUBSURFACE GEOLOGIC ENVIRONMENT FOR DEEP 
WELL DISPOSAl OF INDUSTRIAl WASTES 
Confinement of waste in the disposal zone is a fundamental requirement 
for every Class I disposal system. Any injected waste or formation water 
pushed out of the disposal zone by the injection pressure gradient buildup 
represents a potential risk to overlying USDW. The degree of risk associated 
with the potential loss of confinement integrity can be assessed by evaluating 
both the features in the geologic environment that could act as avenues for 
escape of injection zone fluids and the nature of the flow system through 
which these fluids must travel to reach the USDW. Features which could act as 
avenues for escape include: faults, joints, and fractures transecting the 
primary confining interval; flow through the very low permeability rock of the 
confining interval; improperly plugged wells penetrating the rocks used for 
disposal; poor annular cement in the disposal well; induced fracturing 
resulting from well completion procedures or excessive injection pressures; 
excessive lateral flow of low density waste from disposal sites adjacent to 
the fresh water/saline boundary of the disposal zone, etc. 
The risk associated with breaching the integrity of the well can be 
reduced by selection of proper materials, good construction and testing 
procedures, adequate mechanical integrity testing during the life of the well, 
and good operational management of the well. Construction materials 
compatible with both the waste and all geologic materials penetrated by the 
well will minimize loss of integrity by corrosion. 
Any adverse chemical reaction that leads to reduced injection potential 
in the disposal zone will require an increase in injection pressure for main-
tenance of flow rate. Elevated injection pressures are permissible up to the 
limit fixed in the permit (a limit that is set at 0.65 times the static 
preinjection bottom hole pressure at the top of the injection zone or a value 
calculated from a tested fracture gradient pressure at the same position); 
however, as the pressure in the injection zone increases there is a larger 
driving force, or hydraulic gradient, exerted across the confining units. 
Although the operating permit allows injection at pressures up to the maximum 
allowable injection pressure, the opportunity for loss of fluid through the 
confining unit increases as the injection pressure in the injection zone 
increases. 
The production of a gas phase in the disposal zone must be avoided. Gas 
that rises into the tubing and displaces the fluid column will place excess 
pressure on the upper portion of the well due to the very low density of the 
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gas phase. Proper management of the well operation for wells recelvlng strong 
acidic wastes that are disposed in carbonate units will eliminate gas phase 
development. Proper management includes maintaining the acid concentration in 
the waste stream below a threshold level that is determined by bottom hole 
temperature and pressure, availability of water to keep generated carbon 
dioxide below the saturation point, and use of dilution water at the end of 
injection cycles. In addition, special precautions are required when the well 
head on acid wells is removed for maintenance or testing. The risk for gas 
lift blowouts can be reduced with the use of blow-out preventers and a 
continuous flush with fresh water. 
Acid wastes injected into carbonate disposal zones could, after a 
considerable period of time, remove enough rock in the disposal zone by 
solution to initiate subsidence at the base of the overlying confining unit. 
An evaluation of this situation should be under-taken to determine the pattern 
of solution development, amount of solution required before subsidence begins, 
and the maxiMum allowable subsidence permitted before confining unit is placed 
at a significant level of risk for breaching its integrity. 
The inclusion of final testing to determine the intergrity of all Class I 
wells that are to be plugged and abandoned will identify any problems with 
integrity, particularly in the cement behind the casing. All deficiencies 
must be corrected to insure retention of the waste in the disposal zone and to 
prohibit inter-formation flow between aquifers lying above the primary 
confining units. 
Seismic events represent an unknown factors to deep well disposal that 
must be given careful consideration. The frequency and potential magnitude of 
seismic events can be estimated with reasonable accuracy from historical 
records and from an evaluation of the shallow and deep geologic environ-
ments. Well design should take into consideration factors that will allow the 
construction of a well capable of maintaining integrity during a design 
earthquake. Placing limits on siting, design, and operational features of 
wells proposed for areas with a significant potential for severe damage is 
recommended. 
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CHAPTER 5 
EVALUATION OF TREATMENT TECHNOLOGIES AND ULTIMATE DISPOSAL METHODS 
AS ALTERNATIVES TO DIRECT INJECTION WELL DISPOSAL OF INDUSTRIAL WASTES* 
INTRODUCTION 
Under present regulations, one disposal option for certain liquid 
industrial wastes is deep well injection in Class I wells. The only treatment 
presently required for such injection is suspended solids filtration. (Where 
wells dispose of acid wastes in carbonate disposal zones, the percentage of 
acid must be reduced to avoid operating problems with these wells.) The 
Underground Injection Control (UIC) program is currently under evaluation by 
the Illinois State Legislature, and it is expected that regulations and/or 
regulatory practices affecting liquid industrial waste disposal will be 
changed in one of three general ways. First, there may be only minor changes 
in the regulations or regulatory practices that will effectively permit 
current disposal practices to be continued. Second, additions to the regu-
lations and regulatory practices may require treatment and removal of 
hazardous or toxic waste corrponents prior to inject.ion well disposal. And 
third, deep well injection may be banned as a disposal option for liquid 
industrial wastes. 
The purpose of this section is to identify and evaluate treatment 
technologies and disposal methods that may be considered as alternatives to 
current deep well injection practices, should the UIC regulations be changed 
as discussed above. That both existing and future waste generators may be 
affected by a change in the regulations is an important consideration. 
Therefore, technical and economic evaluations made in this section were 
developed for several important waste-type categories, each of which 
represents a specific class of related waste components. 
Appropriate disposal options and related treatment requirements were then 
developed and evaluated for each waste-type category, based on the two 
possible changes in UIC regulations that would result in treatment being 
required: (a) removal of hazardous waste components prior to injection well 
disposal, and (b) a total ban on injection well disposal. Comparative 
evaluations were made of the direct capital and operating costs, along with 
other social, environmental and economic impacts, for both of these scenarios 
as well as for currently approved injection well disposal practices. 
Since the results obtained by this approach are generically based in the 
waste-type categories, the information developed can be used, along with 
specific waste characterization data, to estimate the costs and other impacts 
associated with treatment and disposal alternatives for any industry which 
might be a candidate for injection well disposal under the present regula-
tions. This approach was used to estimate total costs and other impacts that 
may result from changes in UIC regulations, based on the existing industrial 
users of injection wells in Illinois. 
* Chapter 5 was prepared jointly by the UIC Project Staff and the consultant, 
Engi neeri ng-Sci ence, Inc. (M. Guthri e). 
, 5-1 
CHARACTERISTICS OF WASTES ASSOCIATEO WITH INJECTION WEll OISPOSAl 
There are currently seven industrial facilities within the State of 
Illinois that utilize Class I injection wells for disposal of aqueous liquid 
wastes. The sources and quantities of wastes being injected are summarized in 
Table 5-1, along with the approximate concentrations of the major waste 
constituents of concern. These wastestreams all contain high concentrations 
of mineral acids, bases or neutral salts, and most of them share the hazardous 
characteristic of "corrosivity", in addition to other constituents of environ-
mental concern. Some also contain specific hazardous constituents, such as 
heavy metals, arsenic, pesticides, and volatile and nonvolatile chlorinated 
hydrocarbons. 
The wastes currently disposed of by injection into Class I wells typi-
cally share the following characteristics: 
o 
o 
o 
o 
Primarily aqueous wastes (mostly water by composition), 
Relatively large quantities are generated for disposal, 
High concentrations of inorganics (acids, bases, and salts), 
Dilute concentrations of toxic organics, heavy metals, or other 
hazardous components. 
Other industrial wastes having these same characteristics would be potential 
future candidates for injection well disposal within the State of Illinois, 
provided the regulations and other factors are favorable. 
A wide range of industries produce liquid wastes having the general 
characteristics listed above. However, the composition of these wastes (both 
individual constituents and their concentrations) can vary widely from one 
industry to another. Also, the liquid wastes from different industries often 
contain some of the same individual contaminants, although the overall mixture 
is quite different. For these reasons, it is helpful to classify these 
wastestreams according to their major constituents, rather than considering 
them individually or by industrial categories. 
Another reason to classify wastes according to their major constituents 
is that different waste treatment technologies are used to remove or destroy 
different types of contaminants. The characteristics of a particular waste 
will therefore determine the best treatment technology to use. Since many 
wastes share the same types of contaminants, the selection and evaluation of 
treatment alternatives for the liquid wastes currently (or with the potential 
to be) disposed of in injection wells can be based on a relatively small 
number of generic waste-type categories. 
Based on a review of wastestreams currently disposed of using Class I 
injection wells, both within and outside the State of Illinois, the major 
contaminants present in these wastes can be grouped into seven general waste-
type categories. Each category represents a class of chemical contaminants 
sharing the same general characteristics. These categories, which were 
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TABLE 5-1 
SUMMARY Of WASTES CURRENTLY DISPOSED OF IN CLASS I INJECTION WELLS IN ILLINOIS 
Industry Waste Type and Source 
Maximum Permitted 
Injection Rate (1) 
Average Daily 
Inj ect ion Rate 
Maj or Waste Const Huents of Concern and 
Approximate Average Concentrations 
A 
B 
C 
D 
E 
f 
G 
Ijydrochloric acid from 
s11 icon dioxide 
production 
Wastes fran natural gas 
scrubbing process 
t(ydrochloric acid and 
heavy metals from waste 
pickle liquor 
Leachate fran gypsum 
waste piles and limited 
production wastes from 
alcohol production 
Hydrochloric acid from 
fl uorocarbons product ion 
Caustic process wastes 
and contaminated surface 
runoff fran pest itides 
prQduction 
Wastes fran natural gas 
scrubbing process and 
waste brine solution 
400 gpm at 50 psi 
400 gpm at 50 psi 
30 gpm at 300 psi 
260 gpm at 340 psi 
400 gpm at 250 psi 
150 gpm at 100 psi 
450 gpm at 616 psi 
200 gpm at 383 psi 
40 gpn at 300 psi 
1BO,OOO gallons 
(standby well) 
15,000 gallons (2) 
17,500 gallons (3) 
350,000 gallons 
72,000 gallons 
186,000 gallons 
(standby well) 
20,000 gallons (2) 
Ijydrochloric Acid (pH <1) 
Chloride 
Total Dissolved Solids (pH 6 - 8) 
Chloride 
SuI fate 
Magnesium 
Vanadi urn 
Iron 
Anthraquinone Dlsulfonic Acid 
Chlorides 
Iron 
~drochloric Acid (pH <1) 
Manganese 
Copper 
Nickel 
Zinc 
Chromium and Lead 
Total Dissolved Sol ids 
Sulfate or Sulfuric Acid (pH 2 - 3) 
Phosphorus 
fl uoride 
Calci urn 
Chromium 
Total Organ ic Carbon (TOC) 
t(ydrochloric Acid (pH 1-4) 
~drofluoric Acid 
Chloride 
fl uoride 
Arsenic 
Nickel 
Total Organic Carbon (TOC) 
Total Dissolved Sol ids 
Chlorides 
Volatile Chlorinated t(ydrocarbons 
Sodium Ijydroxide (pH - 13) 
Chlordane 
Nonvolatile Chlorinated Ijydrocarbons 
Total Dissolved Solids (pH 6 - 8) 
Chloride 
SuI fate or SuI fi te 
Vanadium 
Anthraquinone Disulfonic Acid 
1.0 % 
1.0 % 
0.4 % 
0.1 % 
600 ppm 
60 ppm 
10 ppm 
4 ppm 
15 ppm 
22 % 
14 % 
2.5 % 
600 ppm 
25 vpm 
20 ppm 
3.b ppm 
<1 ppm 
0.6 % 
2200 ppm 
600 ppm 
180 ppm 
300 ppm 
<1 ppm 
100 ppm 
3.0 % 
0.1 % 
0.8 % 
0.04 % 
30 ppm 
2 ppm 
13 ppm 
3.5 % 
1.7 % 
14 ppm 
0.4% 
O.b ppm 
480 ppm 
8.3 % 
5.0 % 
100 ppm 
30 ppm 
21 ppm 
(1) Injectlon well s at industries A, C, and E are generally operated at much lower injection rates, and inject-ion pressures may 
range fran negative (vacuum) to low positive pressures. 
(2) These wastes volumes are highly variable on a seasonal basis, ranging from 0 to 40,000 gpd. 
(3) This wastestre~n is generated as a 70,000 gallon batch about once every four days. 
used to identify and evaluate treatment and disposal alternatives, were as 
follows: 
1. Mineral acids and bases 
2. Inorganic salt solutions 
3. Heavy metals 
4. Cyanides 
5. Halogenated hydrocarbons 
6. Nonhalogenated organics (solvents and other compounds) 
7. Pesticides 
It should be noted that most wastestreams considered for injection well 
disposal contain contaminants representing more than one of the above waste-
type categories. Table 5-2 identifies the general waste-type categories 
represented as major constituents in the wastes generated by a selection of 
various industries in the State of Illinois. 
IDENTIFICATION OF ALTERNATIVE DISPOSAL OPTIONS 
The selection of treatment alternatives for a particular waste depends on 
the general waste-type categories it represents, but it also depends upon the 
level of treatment required for disposal under the applicable state and 
federal regulations. Some treatment technologies can achieve lower residual 
contaminant levels than others, although the costs of achieving a greater 
degree of treatment are usually higher. Therefore, one must determine the 
disposal options available in order to select the most cost-effective treat-
ment alternative. 
Based on the general waste-type categories identified above, the follow-
ing disposal options were identified for consideration in the identification 
and evaluation of alternative treatment technologies: 
o 
o 
o 
Injection well disposal after treatment 
Publically Owned Treatment Works (POTW) after treatment 
Surface water discharge (NPDES permit) after treatment 
These disposal options refer only to the treated aqueous wastestreams, 
and other disposal options must be used for the solid or liquid residues 
generated during such treatment. Unless otherwise noted, it was assumed that 
all such residues must be disposed of in a secure landfill. It was also 
assumed that any hazardous residues generated during treatment must be subject 
to chemical solidification and fixation prior to landfill disposal, to reduce 
the potential for leachate production and the contamination of near-surface 
aquifers. Solidification/fixation might also be necessary in the case of 
nonhazardous but highly soluble salt residues. 
Direct chemical fixation of the liquid wastes for landfill disposal was 
not considered to be a generally viable treatment and disposal alternative due 
to the high cost of fixation relative to the other treatment technologies 
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available. (There are, however, a limited number of small volume wastestreams 
containing difficult-to-treat contaminants for which chemical fixation and 
landfill disposal may be economical.) 
Incineration was also judged to be an impractical disposal option for the 
wastestreams considered, for several reasons. First, these wastes are mostly 
water (typically 90 percent or more by composition), and the energy costs 
associated with routine burning of wastes with such a high water content would 
be prohibitive. Secondly, most of the wastestreams under consideration (see 
Table 5-2) contain inorganic, rather than organic, contaminants. These 
inorganics, which include mineral salts, acids, bases, and heavy metals, are 
not destroyed by incineration. In addition, the high concentrations of 
inorganics present can cause a variety of operating problems including corro-
sion, erosion, plugging, and slag formation. And thirdly, many inorganics 
will vaporize at the temperatures applied during hazardous waste incineration, 
requiring off-gas scrubbers for air pollution control. Such scrubbers capture 
vaporized materials in a water stream, thereby producing an aqueous waste with 
high concentrations of the same inorganics which will require treatment prior 
to disposal. In other words, traditional incineration will accomplish very 
little when applied to mostly aqueous wastes with high levels of inorganics. 
Although not evaluated in detail, another disposal method exists that has 
potential application for certain wastes: namely, recycling and reuse of 
either the treated aqueous wastestream or a concentrated residue generated 
during its treatment. Recyle and reuse options must be evaluated on a case-
by-case basis, which makes them difficult to consider in the context of this 
report. For example, it may currently be less expensive to dispose of wastes 
in injection wells than to reuse them (which may include sale to another 
industry). However, when compared to the treatment costs imposed by a change 
in the UIC regulations, recycle and reuse options may become economically 
attractive. Further, while it may not be economical to recycle and reuse the 
liquid wastestream itself, any solid or liquid residues generated during its 
treatment may be sufficiently concentrated to have reuse value. Several 
potential recycle/reuse options are discussed later in this chapter. 
TREATMENT REQUIREMENTS FOR VARIOUS DISPOSAl OPTIONS 
Currently, there are no state or federal regulations upon which to base 
treatment requirements for the injection well disposal of treated wastes (as 
an alternative to the current use of Class I disposal wells for untreated 
wastes). Similarly, there are no generally established pretreatment standards 
for wastewater discharge to a POTW; rather these are determined on a case-by-
case basis. However, there are established State of Illinois water quality 
standards for drinking water, and there are State effluent standards for 
direct discharge. These are presented in Tables 5-3 and 5-4, respectively. 
Several assumptions have been made in determining, for the purpose of 
this evaluation, estimates of the level of treatment that might be required 
for each of the various disposal options. These are discussed below. 
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ILLINOIS DRINKING WATER STANDARDS 
Constituent 
Arsenic (total) 
Barium (total) 
Cadmium (total) 
Chloride 
Chromium 
Le ad (tot a 1 ) 
Manganese (total) 
Ni trate-Ni trogen 
Oil (hexane-solubles or equivalent) 
Phenol s 
Selenium (total) 
Sul fates 
Total Dissolved Solids 
Chlorinated Hydrocarbon Insecticides 
Al d ri n 
Chlordane 
DDT 
Di el dri n 
End ri n 
Heptachlor 
Heptachlor Epoxide 
Lindane 
Methoxychlor 
Toxaphene 
Organophosphate Insecticides 
Parathion 
Chlorophenoxy Herbicides 
2,4-Dichlorophenoxyacetic acid (or 2,4-0) 
2-(2,4,5-Trichlorophenoxy)-propionic acid, 
(2,4,5-TP or Silvex) 
Concentration 
(mg/L) 
0.05 
1.0 
0.010 
250. 
0.05 
0.05 
0.15 
10. 
0.1 
0.001 
0.01 
250. 
500. 
0.001 
0.003 
0.05 
0.001 
0.0002 
0.0001 
0.0001 
0.004 
0.1 
0.005 
0.1 
0.1 
0.01 
Source: State of Illinois Rules and Regulations Title 35: Environmental 
Protection, Subtitle C: Water Pollution, Chapter I: Pollution Control 
Board, Part 302: Water Quality Standards, Subpart C: Public and Food 
Processing Water Supply Standards; as amended through April 1, 1984. 
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ILLINOIS EFFLUENT STANDARDS FOR SURFACE DISCHARGES 
Constituent 
BOD 5 
Ammoni a Ni t rogen (as N) 
Phosphorus (as P) 
pH 
Arsenic 
Barium 
Cadmi urn 
Chromium (hexavalent) 
Chromium (total) 
Copper 
Cyanide 
Fl uoride 
Iron (total) 
Lead 
Manganese 
Ni c ke 1 
Oils (hexane soluble or equivalent) 
Phenol s 
Silver 
Zinc 
Total Suspended Sol ids 
Mercury 
Concentrati on 
(mg/L) 
30. 
3.0 
1.0 
6.0 - 9.0 
0.25 
2.0 
0.15 
0.1 
1.0 
0.5 
0.10 
15.0 
2.0 
0.2 
1.0 
1.0 
15.0 
0.3 
0.1 
1.0 
15.0 
0.0005 
Source: State of III i noi s Rul es and Regul at ions Tit 1 e 35: Env i ronmental 
Protection, Subtitle C: Water Pollution, Chapter I: Pollution Control 
Board, Part 304: Effl uent Standards, Subpart A: General Effl uent 
Standard s; as amended through April 1, 1984. 
Note: Water Qual i ty Standards establ i shed under Parts 302 and 303 may 
require lower effluent limits than shown for specific cases. 
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Treatment for Injection Well Disposal 
Concern exists that fresh water aquifers (groundwater resources that have 
been reserved for drinking water use) might be contaminated as a result of 
leakage of untreated hazardous liquid wastes that have been injected into 
deeper injection zones using disposal wells. Therefore, it was assumed that 
if treatment for injection well disposal is required, such treatment would 
have to meet the established drinking water quality standards (Table 5-3) for 
all parameters except total dissolved solids, chlorides, and sulfates. These 
exceptions were assumed because, under the existing UIC regulations, Class I 
disposal wells must inject wastes only into rock units already containing 
highly mineralized water (at least 10,000 mg/L total dissolved solids) which 
includes high levels of chlorides and sulfates. Further, given the high 
mineral content of the wastes under consideration, it is not likely that 
injection well disposal would be an economical disposal option if a lower 
mineral content were required for injection well disposal. Therefore, no 
limit on total dissolved solids was assumed for injection well disposal. 
Treatment for Direct Discharge (NPDES Permit) 
The established effluent standards for surface discharges (Table 5-4) 
have been assumed to define the level of treatment required for direct 
discharge. It should be noted, however, that local situations may require a 
greater degree of treatment to meet water quality standards established for 
the receiving stream or lake. In addition, industrial category effluent 
guidelines promulgated by the US EPA may require that additional parameters 
also be regulated, on an industry-by-industry basis. 
Although there is no specific limit on the salt (total dissolved solids) 
concentration required for surface discharge, the water quality standards 
established for the receiving lake or stream must be met. The limit on total 
dissolved solids established under the general use water quality standards 
(Title 35, Subtitle C, Chapter I, Section 302.208) is 1000 mg/L. Based on 
assumptions regarding dilution provided by the receiving water and background 
levels of total dissolved solids, and the experience of the Illinois EPA, it 
was assumed that the limit on total dissolved solids for direct surface 
discharge will be no lower than 6000 mg/L (0.6 percent). While this was the 
level assumed for identification and evaluation of treatment alternatives, 
different levels may be determined for specific situations through 
consideration of stream dilution and mixing-zone requirements (Sections 
302.102 and 302.103 of Title 35, Subtitle C, Chapter I). 
Treatment for Discharge to POTW 
Except for the conventional wastewater parameters - total suspended 
solids (TSS), biochemical oxygen demand (B005), ammonia nitrogen (NH 3-N), total phosphorus (P), and oil and grease (O&G) - it was assumed that the 
treatment requirements for discharge to a POTW will be the same as for direct 
discharge (see Table 5-4). Since a POTW is designed to remove the contami-
nants measured by these conventional parameters, these higher discharge levels 
are justified. However, POTW's are not effective in removing heavy metals and 
other toxic contaminants. Further, such materials may cause operating 
problems when introduced into a POTW. Therefore, the treatment requirements 
for these nonconventional parameters were assumed to be the same as for direct 
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discharge. It was also assumed that a total dissolved solids limit of 6000 
mg/L would have to be met to avoid operating problems caused by high salt 
levels in the receiving POTW, although different values may be determined for 
specific situations upon consideration of background levels and dilution 
provided by the other wastewater entering the POTW. Finally, as was discussed 
for direct discharge, industrial category effluent (pretreatment) guidelines 
promulgated by the US EPA may result in the addition of other parameters to 
the list in Table 5-4. 
IDENTIFICATION OF ALTERNATIVE TREATMENT TECHNOLOGIES 
The technologies for aqueous wastes treatment can be grouped into two 
basic classes. Some technologies result in the destruction of a target 
contaminant or cause its permanent conversion into a less hazardous form. 
Other technologies are basically concentration processes: they remove the 
target contaminant from the wastestream, thereby reducing the hazards associ-
ated with the aqueous waste, but at the same time they produce a concentrated 
waste residue. For most of the waste categories, there are several competi-
tive treatment technologies available. 
Following is a brief discussion of alternative treatment technologies for 
each of the generic waste-type categories identified above that are capable of 
achieving the required level of treatment anticipated for the three disposal 
options under consideration. 
Mineral Acids and Bases 
The treatment objective for acidic or basic wastestreams is to achieve a 
neutral pH range (between 6 and 9) in the treated effluent, and this same pH 
range has been assumed for all three disposal options. Neutralization is 
achieved by adding either acidic or basic chemicals to the wastewater under 
controlled conditions. As a result, the total dissolved solids (or salt) 
concentration of the waste is increased. Thus, if a particular wastestream is 
strongly acidic or basic, it will be converted to a high mineral salt waste 
upon pH neutralization. 
Basically, the only alternatives to be considered in treatment for pH 
control involve selection of the neutralization chemical. For acidic wastes, 
lime (either hydrated or quicklime) and caustic soda (sodium hydroxide) are 
the main chemicals used, although there are some cases where limestone, soda 
ash (sodium carbonate), or other neutralizing agents may be applied. Neutra-
lization of basic wastes is accomplished using either sulfuric or hydrochloric 
acid. The chemical (operating) and capital costs of pH neutralization depend 
mostly upon the strength of the acidic or basic wastestream and the chemical 
neutralizing agent selected for use. 
Inorganic Salt Solutions 
Wastes that contain very high concentrations of inorganic salts in 
solution are difficult and expensive to treat to achieve the total dissolved 
solids level required for direct surface discharge or discharge to a POTW. 
The discharge limitation was assumed to be 6000 mg/L in both cases, although 
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different values may be determined on a case-by-case basis. Although techni-
cally possible, it is usually not economically feasible to treat these wastes 
to a level required for drinking water use (500 mg/L), or to match the general 
use surface water quality standard (1000 mg/L). As was previously discussed, 
a high inorganic salt concentration was not considered to be a problem for 
injection well disposal under the current requirement that the receiving rock 
units already contain highly mineralized water unsuitable for drinking. 
Three treatment processes are commonly used for removing dissolved solids 
(salts) from aqueous wastestreams: reverse osmosis, electrodialysis, and 
evaporation. These are discussed individually below. Not included in this 
discussion is the treatment of fluoride salts, which are commonly removed by a 
chemical precipitation process similar to that used for heavy metals removal. 
Reverse Osmosis - This is a process in which water flows under pressure 
out of a concentrated salt solution, through a polymeric membrane, and into a 
solution of low salt concentration. The membrane, although porous, has very 
small openings that pass water but retain the dissolved salt (ions). Pressure 
on the salty side of the membrane is required to overcome the natural osmotic 
pressure that would otherwise cause water to flow toward the saltier side 
until both sides of the membrane are at equal salt concentrations. 
Depending on the membrane selected and the initial salt concentration in 
the waste, dissolved solids levels of 100 mg/L or less can be achieved using 
reverse osmosis. However, the process generates a brine or concentrated salt 
solution as a byproduct that cannot be disposed of by conventional means. 
Although there may be recovery/reuse potential for such low-grade brine 
solutions, it can be assumed that these will require chemical solidification 
and fixation for landfill disposal. 
There are about 300 full-scale plants worldwide using reverse osmosis for 
desalination of sea water or brackish water (which have TDS concentrations up 
to 35,000 mg/L). Reverse osmosis has been used very successfully in the 
treatment of electroplating rinse waters, both to meet effluent discharge 
requirement and to recover concentrated metal and salt solutions for reuse. A 
few other full scale uses of reverse osmosis can be found in the treatment of 
sulfite streams from the pulp and paper industry and in food processing. 
Electrodialysis - This process is similar to reverse osmosis. It too 
involves the selective diffusion of dissolved salt (ions) through a semi porous 
membrane. However, instead of using pressure on the salty side of the 
membrane, electromotive force (voltage) is used to overcome the natural 
osmotic pressure that develops during the concentration process. This 
imposition of voltage is done by placing electrodes on both sides of the 
membrane to establish an electrical potential (charge difference) across the 
membrane. There are actually two types of membranes: those that pass cations 
(positively charged ions) and those that pass anions (negatively charged 
ions). These two types are generally used together to remove dissolved salts, 
which are simply solutions of both cations and anions, the sum of whose 
charges equals zero. 
Again, depending on the membranes selected, dissolved solids levels of 
100 mg/L or less can be achieved using electrodialysis. As with reverse 
osmosis, a concentrated brine solution is produced which can be assumed to 
require chemical fixation and disposal in a landfill. 
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Electrodialysis has been used for desalination since the 1950's. 
Hundreds of such units, some of which process more than one million gallons 
per day, are in use throughout the world. Most of these are used in the 
production of potable water from brackish well or river water. In the food 
industry, electrodialysis is used for desalting whey and de-ashing sugar. The 
chemical industry uses the technique for enriching or depleting solutions of 
process chemicals, and for removing mineral constituents from product streams. 
Evaporation - Evaporation is used to boil away a volatile liquid, in this 
case water, producing, as a result, a concentrated solution or crystal line 
solid consisting of nonvolatile dissolved solids (salts). Evaporation is a 
well defined and established process used throughout industry to recover and 
concentrate nonvolatile products from volatile liquid streams. When applied 
to relatively large volumes of primarily aqueous wastes, evaporation is an 
effective but very energy-intensive concentration process. It produces a 
treated wastestream that is basically high purity water, unless volatile 
contaminants are also present in the waste. And, as with reverse osmosis and 
electrodialysis, evaporation produces a concentrated brine solution that must 
be disposed of by chemical solidification and fixation. An alternative to 
this would be to evaporate the brine to dryness, thereby producing a solid 
crystalline waste salt. The additional equipment and energy required for 
crystallization and recovery of the salt would easily be offset by the reduced 
costs for chemically fixing and landfilling a much smaller volume of material. 
The broad classification of heavy metals refers to a large number of 
elements that exist in aqueous solution as multivalent cations (ions with a 
positive electrical charge of two or more). Some heavy metals such as 
cadmium, chromium, copper, lead, mercury, nickel, and vanadium are toxic at 
relatively low concentrations. Others, such as iron, are far less toxic but 
still require control. Two elements of related concern, although not consi-
dered heavy metals, are arsenic and fluoride. These elements occur as anions, 
but can be removed using the same basic treatment processes as employed for 
heavy metals removal. 
A number of processes are used to remove heavy metals from wastewater 
depending on the influent concentration, the required treated effluent 
concentrations, and the individual chemistry of the particular metals under 
consideration. The two main types of metal removal technologies are chemical 
precipitation and ion exchange, both of which concentrate the metals into a 
smaller volume wastestream for separate disposal. These technologies are 
discussed below. 
Chenrlcal Precipitation - The solubility of most heavy metals is highly 
dependent on both pH and the presence of other chemical species in the 
water. By changing the chemistry of the water, heavy metals and other 
elements including fluoride can be made to precipitate or come out of 
solution, forming solid particles that can be removed from the water using 
filtration, gravity clarification, and other common technologies. These 
solids, in the form of a liquid sludge, must then be further treated for 
disposal. Sludge treatment may consist of dewatering or chemical fixation or 
both prior to landfill disposal, depending in part on the metals ~resent and 
the disposal requirements established for the landfill to be used. 
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Two main types of chemical precipitation are used for heavy metals 
removal. The first and most common method is to raise the pH of the water to 
a high level, typically between 8.5 and 11.5, using lime (calcium hydroxide) 
or caustic soda (sodium hydroxide). The optimum pH value (the point of 
minimum solubility) depends on the specific metal and the nature and amount of 
other chemical species in the water. Depending on the chemistry of the 
wastewater, a number of reactions can occur that result in the formation of 
insoluble metal carbonates, hydroxides, and metallic complexes involving 
phosphates, sulfates, calcium, magnesium, and other chemical species. 
Although technically not heavy metals, both arsenic and fluoride are common 
hazardous contaminants that can also be removed by chemical precipitation most 
commonly by adding lime. The resulting arsenic and fluoride sludges are 
handled and disposed of in the same way as the heavy metals sludges. 
The second type of chemical precipitation is sulfide precipitation. Also 
accomplished at alkaline pH levels (typically between 9 and 12) this method 
requires addition of the sulfide anion to the water. Both sodium sulfide and 
ferrous sulfide are commonly used. Although more costly and somewhat more 
dangerous, sulfide precipitation has several advantages over the more common 
hydroxide precipitation. First, it achieves lower effluent concentrations 
than hydroxide precipitation for many heavy metals. Second, it is effective 
for precipitating several metals in complexed or chelated form which would 
otherwise (under hydroxide treatment) remain in solution. And third, sulfide 
precipitation can be used to remove hexavalent as well as trivalent chromium, 
thereby eliminating the need for a separate chromium reduction step. 
Chromium presents a peculiar problem, since it commonly exists in two 
distinct forms which differ in both their toxicity and solubility characteris-
tics. Hexavalent chromium (chromium VI) is much more soluble and more toxic 
than trivalent chromium (chromium III). Therefore, an additional treatment 
process, called chromium reduction, is often used to convert chromium VI into 
chromium III prior to hydroxide precipitation. There are several chemical 
reducing agents used in this process, including sulfur dioxide, sodium 
sulfite, sodium bisulfite, sodium metabisulfite, and ferrous sulfate. The 
choice of chemical reducing agents depends on several factors including costs, 
safety, and ease of operation. 
Table 5-5 shows the relative effluent concentrations achievable for 
several heavy metals and arsenic using either hydroxide or sulfide precipita-
tion. It should be noted that the particular characteristics of any given 
wastewater may result in effluent values for individual metals that are higher 
than those given in Table 5-5. 
Ion Exchange - When chemical precipitation is not capable of achieving 
the required effluent metals concentrations, or when the influent metals con-
centrations are too low to make chemical precipitation feasible, ion exchange 
can be used for heavy metals removal. The ion exchange process, as its name 
implies, results in an exchange of a nonhazardous cation, usually hydrogen or 
sodium, for heavy metal cations. Basically, this same process is used in home 
water softeners to remove calcium and magnesium to prevent scale formation. 
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Metal 
Arsenic 
Cadmium 
Chromium 
Copper 
Fluoride 
Lead 
Manganese 
Mercury 
Nickel 
Zinc 
T~ble S-s 
TYPICAL EFFLUENT CONCENTRATIONS ACHIEVABLE FOR 
SELECTED HEAVY METALS 
USING VARIOUS CHEMICAL PRECIPATION TECHNOLOGIES 
(all values in mg/L) 
(II 1) 
Hydroxide/Carbonate 
0.03 
0.01 - 0.5 
0.02 - 1.0 
0.05 - 1.0 
8.0 - 20 
0.02 - 0.5 
0.1 - 1.1 
0.1 - 1.0 
0.01 - 1.5 
Sulfi de 
0.05 
0.008 
0.01 - 0.02 
Other 
0.003 - 0.05 (1) 
0.05(2) 
0.0005 - 0.01(1) 
0.0003 - 0.002(3) 
(l) Iron or Alum Coagulation 
(2) Ferrous Hydroxide Coprecipitation 
(3) Activated Carbon Treatment 
Note: The actual effluent levels achievable will depend on individual 
wastewater matrix and influent metals concentrations. 
Source: Patterson, J. W., October 1976, Technology and Economics of 
Industrial Pollution Abatement: Illinois Institute for Environmental 
Quality, IIEQ Document No. 76/22. 
The ion exchange process can achieve extremely low metals concentrations, 
but it has the disadvantage of producing either a brine or an acid regenera-
tion stream that must be treated for disposal. It has been assumed that this 
regeneration stream, which also contains the heavy metals removed by the 
process, must be chemically fixed into solid form for disposal in a hazardous 
waste landfill. In the case of mercury, the ion exchange resin can be 
retorted and the mercury recovered. The cost of ion exchange (per mass of 
metal removed) is also high, making it uneconomical for use on wastestreams 
containing high concentrations of metals. 
Cyanide Destruction 
The most common method of treating cyanides is chemical oxidation. 
During oxidation, cyanide is first converted to cyanate, a less toxic and 
biologically degradable chemical, after which it is completely oxidized to 
carbon dioxide and nitrogen gas. In cases where biological treatment follows 
cyanide treatment, partial oxidation to cyanate may represent an acceptable 
level of treatment, and this has been assumed for the disposal option of 
discharge to a POTW. Essentially complete oxidation of both cyanides and 
cyanates has been assumed to be required for the direct discharge and injec-
tion well disposal options. The cost of complete oxidation is obviously much 
higher since additional chemical oxidizing agent must be used. Also, some 
cyanide complexes are much more resistant to oxidation, which can affect 
process efficiency in certain cases. 
Chlorine Oxidation - There are three main types of chemical oxidizing 
agents used for cyanide destruction. The most common of these is chlorine, 
which can be used in the form of chlorine gas (dissolved in water as hypo-
chlorous acid), sodium hypochlorite, calcium hypochlorite, or chlorine 
dioxide. Chlorine oxidation is usually performed at alkaline pH levels (9 to 
10) which greatly reduces the reaction time for cyanide destruction. The use 
of chlorine compounds has several advantages, including cost and ease of use, 
but there are also safety hazards associated with using chlorine compounds 
(particularly with chlorine gas). Also, chlorine does not selectively oxidize 
cyanide, and other oxidizable materials present will represent a chlorine 
demand. Another problem is that chlorinated organics can be formed during the 
process. For example, if phenol is present, toxic chlorinated phenols may be 
formed, potentially creating an additional treatment requirement. 
Hydrogen Peroxide Oxidation - A second, but less commonly used chemical 
oxidizing agent for cyanide destruction is hydrogen peroxide. Chemical costs 
for hydrogen peroxide are similar to those for alkaline chlorination, at least 
to convert cyanides to cyanates, although it is a somewhat weaker oxidant than 
chlorine. As with chlorine, hydrogen peroxide is not a selective oxidizing 
agent, and organics or other oxidizable materials will represent a peroxide 
demand. However, the use of hydrogen peroxide will not result in the forma-
tion of chlorinated byproducts. 
Ozone Oxidation - The third, and strongest chemical oxidizing agent used 
for cyanide destruction is ozone. Ozone is an unstable gas that cannot be 
stored and must be generated at the site where it is used. An ozone generator 
produces ozone through an electrical discharge in the presence of air or 
oxygen. The generation of ozone has associated with it high energy costs, 
although it offers advantages in terms of ease of handling, elimination 
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of storage requirements, and the fact that it will not form chlorinated 
byproducts. Ozone is also a nonselective oxidizing agent and any oxidizable 
materials present will represent an additional ozone demand. However, when 
ozone is used in combination with catalysts, such as ultraviolet light, it is 
capable of destroying metal-complexed cyanide, which is resistant to other 
means of oxidation. 
Halogenated Hydrocarbons 
Halogenated hydrocarbons are compounds made up of carbon, hydrogen, and 
elements from the halogen group: chlorine, bromine, fluorine, and iodine. 
These compounds present several difficult environmental problems, not the 
least of which is that they are extremely resistant to biodegradation and are 
toxic at relatively low concentrations. There are two concentration technolo-
gies commonly used for removing halogenated hydrocarbons from aqueous wastes: 
liquid-phase carbon adsorption, and airstripping followed by gas-phase carbon 
adsorption or off-gas incineration. There is, in addition, a family of 
catalytic oxidation processes, such as photolytic ozonation (the combination 
of ozone and ultraviolet light), which is capable of completely destroying 
halogenated organic compounds. 
Liquid-Phase Carbon Adsorption - When halogenated hydrocarbons are 
present in relatively low concentrations (total less than a few hundred 
milligrams per liter) it is frequently most economical to remove them using 
liquid-phase granular activated carbon adsorption. A variety of organic 
compounds, including the halogenated hydrocarbons, adsorb very well onto 
activated carbon. (The process is sometimes used to remove inorganics, such 
as mercury, although this is a much less common application.) As the waste-
water passes through a carbon adsorption column, organic molecules become 
attached and concentrate themselves on the surface of the activated carbon. 
The carbon must then be periodically regenerated or disposed of in a landfill. 
The regeneration of spent activated carbon involves placing the carbon 
into a high temperature furnace, under an absence of oxygen, to volatilize and 
destroy the adsorbed organics. In nearly all cases, regeneration is performed 
off-site by the carbon supplier. It should be noted that halogenated com-
pounds required specially designed incineration facilities, including those 
for carbon regeneration, since the halogen elements will aggressively attack 
commonly used furnace (refractory) materials. This increases the cost of 
regeneration. 
Liquid-phase activated carbon adsorption can usually achieve very low 
« 1 ppm) levels of many different organics, but the minimum levels achievable 
for any given compound will depend on the waste composition. Some organics 
adsorb more readily than others, and a more strongly adsorbed compound, upon 
introduction into a carbon column, may displace a more weakly adsorbed 
compound. Therefore, it must be determined which compounds in a particular 
waste water will break through first, so that these can be monitored to 
determine when the carbon must be replaced. The reversibility of adsorption, 
as implied in the displacement of one compound by another, is of concern when 
landfill disposal of spent carbon is considered. Therefore, chemical fixation 
or other treatment of the carbon prior to disposal can be assumed to be re-
quired to reduce this potential for desorption of organics into the leachate. 
5-16 
Airstripping and Off-Gas Treatment - Especially when the concentration of 
volatile organic compounds is high (more than 0.5 percent) airstripping can be 
an economical method of removing them. The basic process is to provide 
intimate contact between the water and air stream to greatly increase the rate 
at which these compounds volatilize. This process is usually performed in a 
stripping tower, inside of which water flows downward and air flows upward 
through a series of trays or a bed of special media used to increase the 
surface area in the tower. 
The off-gases, which are primarily air laden with water vapor and lesser 
amounts of the volatile organics stripped from the wastewater, must often be 
treated prior to discharge to the atmosphere. Generally, treatment consists 
of vapor-phase activated carbon adsorption, although in some cases the off-gas 
is burned in an incinerator. As previously mentioned, a specially constructed 
incinerator is required to withstand attack of the refractory surfaces by the 
halogen elements. The spent carbon from a gas-phase carbon contractor is 
usually regenerated in place using steam, although such regeneration still 
requires capture and destruction of the volatile organics. The result is a 
very concentrated mixture of organics and steam condensate (water) which is 
usually disposed of by incineration. This concentrated stream may also be 
treated by photolytic oxidation. Vapor-phase activated carbon is rarely 
regenerated off-site. 
A properly designed airstripping tower can usually achieve fairly low 
« 10 ppm) levels of volatile organics, but it is generally not economical to 
design a stripping tower to achieve a level of treatment comparable with that 
obtained using liquid-phase carbon adsorption. Therefore, airstripping is 
often used for first-stage pretreatment of high concentration wastes, and is 
usually followed by liquid-phase carbon adsorption or another treatment 
process. 
Catalytic Oxidation - This family of processes includes ozonation 
catalyzed by ultraviolet light, metal catalysts, etc •• These processes are 
important for the treatment of organic compounds because they destroy the 
compounds rather than simply concentrating them in another phase which must 
then itself be disposed. These are, however, emerging technologies for which 
comprehensive design and cost data are not widely available. Therefore, 
although initial studies are promising, the catalytic oxidation processes have 
not been considered as alternatives for evaluation in this chapter. 
Nonhalogenated Organic Solvents and Other Compounds 
This general waste category covers a variety of chemicals under a very 
broad classification. The intent is to suggest alternative treatment methods 
for use with several common problem contaminants that can be considered 
nonhalogenated organic solvents. Such chemicals can be divided into two 
groups. The first group is the nonpolar solvents, including benzene, toluene, 
and xylene, all of which are volatile and only sparingly soluble in water. 
The other group, the polar solvents, includes a variety of alcohols, ethers, 
ketones, and phenols; these compounds generally have high water solubility and 
lower volatility than the nonpolar solvents, making it more difficult to 
remove them from water. 
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Nonpolar Solvents - The nonpolar solvents can be removed using the same 
techniques discussed for the halogenated hydrocarbons: liquid-phase carbon 
adsorption for lower levels and airstripping for higher levels. The other 
issues are essentially the same, except that conventional materials of 
construction can normally be used for the incinerators and furnaces used in 
off-gas combustion and carbon regeneration, since high levels of halogens are 
not present. 
Polar Solvents - Some of the polar solvents can be removed by airstrip-
ping, and most can be removed by liquid-phase carbon adsorption, although the 
efficiency of both processes is generally less than for nonpolar solvents and 
halogenated hydrocarbons. Often, those compounds which cannot be removed by 
one of these two methods tend to be relatively easily biodegraded, making 
discharge to a POTW or other biological treatment options feasible. Some-
times, a specific compound can be selectively removed by other means, such as 
the use of synthetic organic resin adsorption to recover phenol. Also, ozone 
or hydrogen peroxide oxidation may be economical to destroy low levels of 
organics. 
Pesticides 
This general waste-type category also contains a wide variety of com-
pounds, including polar, nonpolar, and halogenated organics, all of which are 
used as pesticides, herbicides, fungicides, rodenticides, etc •• The two 
features shared by all of these substances, however, are their environmental 
persistence (resistance to biodegredation) and their toxicity. The treatment 
options available for removing pesticides from water are usually limited to 
liquid-phase carbon adsorption and chemical oxidation; the former being more 
common and economical, although the latter provides a more permanent environ-
mental solution (i.e., destruction of these compounds). There are of course 
exceptions to such generalizations, including some compounds which can be 
efficiently treated in a properly acclimated biological treatment system. 
However, considering the other constituents usually present in the waste-
streams under consideration, the most practical alternative is usually liquid-
phase activated carbon adsorption. 
The issues related to liquid-phase carbon adsorption and chemical 
oxidation are the same as discussed above, except that the toxicity of the 
materials concentrated on the spent carbon increases the risk and hazards 
associated with carbon handling, regeneration, and disposal. 
COSTS ASSOCIATED WITH THE ALTERNATIVE TREATMENT TECHNOLOGIES 
The capital investment and direct operating costs associated with each of 
the alternative treatment technologies were estimated, over a range of waste 
flow rates, based on information available in the literature. This type of 
cost estimating is used during the earliest, or conceptual, phase of a capital 
project, before any design work is done, and is useful for identifying order-
of-magnitude costs and comparing the costs of various alternatives. The level 
of accuracy associated with these costs is therefore not very high, and actual 
costs may range from minus 50 to plus 100 percent in the worst case. 
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A summa~ of the cost estimates developed for the previously identified 
alternatives is presented in Table 5-6. More detailed discussions of the 
assumptions used in making these estimates are provided below, including 
individual discussions for the various treatment processes. 
General Economic Assumptions and Definitions of Terms 
Unless otherwise noted in the following discussions, all costs were based 
upon cost estimating curves published in the Volume IV of the US EPA 
Treatability Manual (US EPA, 1980) (1) or its revision (US EPA, 1983). Deep 
well injection costs were estimated from curves presented in a report by the 
US Department of the Interior, Federal Pollution Control Administration 
(1970). 
The US EPA developed separate cost estimates for three types of costs: 
Total Capital Investment, Total Direct Operating Costs, and Total Annual 
Costs. Total Capital Investment refers to the one-time engineering and 
construction costs for the project, exclusive of depreciation and interest 
charges. The Total Direct Operating Costs are the annual costs for labor, 
materials, fuel, chemicals, and power. The Total Annual Costs include 
overhead, taxes, insurance, administrative costs, and depreciation and 
interest on the capital investment. The specific assumptions used and a 
breakdown of the cost items estimated are presented in Table 5-7. 
The original cost information from the US EPA (1980) was based on an 
Engineering News Record (ENR) Construction Cost Index of 3119. The cost data 
on deep well injection (US Dept. of Interior, 1970) were developed in 1969 and 
were based on an ENR Construction Cost Index of 1285. A more recent ENR 
Construction Cost Index of 4180 was used to update these costs to March 1985 
dollars. Given the level of accuracy associated with these costs, separate 
adjustments were not made for labor, chemicals, electricity or cost elements 
other than construction. Instead, these costs were also updated using the ENR 
Construction Cost Index. 
Where sources other than the US EPA (1980, 1983) were used for costs, the 
methodology outlined in Table 5-7 was followed so far as was possible. Other 
assumptions were also made that corresponded to those used by the US EPA 
(1980). For example, exponential scaling factors were used to adjust costs 
upward or downward, based on wastewater flow. The general equation used to 
scale costs up or down was as follows: 
. )(scaling factor) 
cost in dollars = (constant) x (flow 1n mgd 
where the scaling factors used were: chemicals 1.0 
electricity 1.0 
materials 1.0 
equipment 0.7 
labor 0.3 
The following text includes discussion of any assumptions made in using these 
other sources. 
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SUMMARY OF ESTIMATED COSTS FOR ALTERNATIVE TREATMENT TECHNOLOGIES 
(All costs are in thousands of dollars as of March 1985) 
Treatment Technology 
Reverse Osmosis (1) 
Electrodialysis (1) 
Evaporat i on (1) 
Chromium Reduction (2) 
Waste Type Categories 
Inorgan ic Salts 
Inorganic Salts 
Inorganic Salts 
Heavy Metals (Cr VI) 
Chemical Precipitation (2) Heavy Metal s 
pH Neutral ization Mineral Acids & Bases 
Ion Exchange (1) Heavy Metal s 
Total Capital Investment 
(waste flow in mgd) 
0.001 0.0l 
42 
94 469 
0.10 
255 
201 
243 
2412 
402 
241 
938 
1.00 
1206 
1005 
1220 
2010 
1206 
4691 
Total Direct Operating Costs 
(waste flow in mgd) 
0.001 0.0l 
64 
46 214 
0.10 
108 
161 
1080 
1340 
228 
182 
107 
1.00 
440 
697 
9000 
1005 
804 
670 
Total Annual Costs 
(waste flow in mgd) 
0.001 0.01 0.10 
127 
147 402 
142 
268 
1334 
2412 
410 
318 
255' 
1.00 
587 
1005 
9600 
1554 
1195 
1340 
""I AHal ine Chlori11ation 
, 
Cyanide 268 1206 6700 
496 
60 228 1340 
316 
134 362 2412 
~ Liquid-Phase Activated 
Carbon h1sorption 
Airstripping Without 
Off-Gas Treatment 
Airstripping With Off-Gas 
Treatment (carbon) 
Chemical Sol idification 
Fixat i on, and Land fi 11 i ng 
Chemical Solidification, 
Fixation, and Landfi11ing 
Pesticides, Halogenated 
~drocarbons, Organics 
Halogenated ~drocarbons, 
Other Organics 
Halogenated Hydrocarbons, 
Other Organics 
Concentrated Brine Sol utions 
(liquid wastes) see (1) 
Heavy Metals Sludges 
(solid wastes) see (2) 
Injection-Well Disposal (3) All Aqueous Liquid Wastes 
2278 
322 1742 
644 3484 
639 783 
3087 438 3415 
120 228 255 1340 
313 1186 583 3410 
242 2430 
300 
144 261 293 485 
(1) Does not inclUde disposal costs for waste brine residues generated during treatment. Estimated costs for treatment and disposal of these brines are 
presented under "Chemical Solidification and Landfill Disposal" and should be added to Total Direct Operating Costs and Total Annual Costs for Reverse 
Osmosis, Electrodialysis, Evaporation, and Ion Exchange whenever approriate. Costs are based on actual volume of brine solution treated for disposal. 
(2) Does not include disposal costs for metals sludge residues generated during treatment. Estimated costs for treatment and disposal of these sludges are 
presented under "Chemical Solidification, Fixation, and Landfi1ling" and should be added to Total Direct Operating Costs and Total Annual Costs for Chromium 
Reduction and Chemical Precipitation whenever appropriate. Costs are based on volume (1000 gallons) of the dewatered sludge (30 percent dry weight). 
(3) Deep well injection costs shown here are calculated from data presented in reference 2. The cost figures from actual wells in Illinois are one and 
one-half to two times higher than shown here. 
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COST ESTIMATING METHODOLOGY AND UNIT COST ASSUMPTIONS 
Cost Component 
Total Capital Investment: 
Oi rect Cost s (DC) 
o Purchased equipment & installation 
o Instrumentat ion and control s 
o Pi pi ng 
o El ectrical equi pment and materi al s 
o Buildings 
o Yard improvements 
o Service facilities 
Ind i rect Costs (IC) 
o Engineering and supervision 
o Construct i on ex penses 
o Contractor's fees 
o Cont i ngency 
Total Fixed Capital Investment (FC 1) 
Working Capital (WC) 
TOTAL CAPITAL INVESTMENT (TC I = DC + IC + WC) 
Total Di rect Operati ng Costs: 
Labor 
Materi al s 
Chemical s 
Power 
Fuel 
As s um ed Val ue 
(lOO%)PE& I 
10% PEl I 
21 % PEl I 
13% PEl I 
26% PEl I 
7% PEl I 
41 % PEl I 
29% PEl I 
32% PEl I 
7% PEl I 
27% PE&I 
3.13 PEl I 
0.47 PE&I 
3.6 PEl I 
(L) 
( M) 
( C) 
(P) 
( F) 
TOTAL DIRECT OPERATING COSTS (TOC = L + M + C + P + F) 
Total Annual Costs: 
Pl ant Overhead 
Taxes and Insurance 
General and Admini strati ve Expenses 
Depreciation 
Interest on Worki ng Capital 
TOTAL ANNUAL COSTS (TAC) = (TDC + L + 12% FCI + 12% WC) 
(60% L) 
(2% FC!) 
(40% L) 
(10% FC!) 
(12% WC) 
Source: USEPA, Treatabil ity Manual, Vol ume IV - Cost Est imat i ng, Office of 
Research and Development, EPA-600/8-80-042d, Appendix A, July 1980. 
Reverse Osmosis 
The equipment required for reverse osmosis usually includes membrane 
modules, feed, product, and concentrate tanks, high pressure pumps, prefilters 
and pumps, stainless steel piping, and flow and pressure instrumentation. The 
cost estimate was based on these equipment items as applied in a rinsewater 
recovery system for an acid nickel plating operation. A 24 hour per day, 330 
day per year operation was also assumed. However, the total direct operating 
costs presented by the US EPA (1980) included a very low estimate of labor 
(less than one hour per day). This was probably an inadvertent result of the 
original cost data used in developing the curve, which came from an actual 
reverse osmosis system within a production facility where, presumably, there 
were no significant additional labor costs incurred. Since actual labor costs 
can usually be expected to be greater than this, the direct operating costs in 
Table 5-6 reflect an increase in the labor costs estimated by the US EPA 
(1980) to be 12 hours per day for a 0.1 mgd facility and 18 hours per day for 
a 1.0 mgd facility. 
The concentrated brine solution produced by reverse osmosis typically 
ranges from 10 to 25 percent of the influent waste flow. Disposal options and 
costs for this material are discussed later (see Treatment and Disposal of 
Concentrated Brine Solutions) and are not included under the costs for reverse 
osmosis in Table 5-6. 
Electrodialysis 
The costs for electrodialysis systems are dependent not only on the 
volume of water treated, but also on the amount of salts removed. A number of 
different systems can be employed for fairly selective recovery of specific 
ions (for example, heavy metals) or the less selective concentration of high 
strength inorganic salt solutions. Specific equipment selection and appli-
cation can have a significant impact on capital costs. 
Electrical power costs are high for electrodialysis, and typically 
constitute more than half the total direct operating costs. This factor makes 
electrodialysis higher in operating costs than reverse osmosis for similar 
applications. 
As with reverse osmosis, electrodialysis produces a concentrated brine 
solution that is typically between 10 and 25 percent of the volume of the 
original waste feed. The costs for treatment and disposal of this waste brine 
are discussed later (see Treatment and Disposal of Concentrated Brine Solu-
tions) and are not included under the electrodialysis costs in Table 5-6. 
Evaporation 
The US EPA (1980) did not develop cost estimates for evaporation under 
the same assumptions as used for the other technologies. However, another US 
EPA report (1976) contains cost information on a six-effluent evaporator used 
for concentration of kraft black liquor (waste from pulp and paper 
manufacture). This evaporator was designed for a 2.4 mgd (1670 gpm) feed 
capacity, which is greater than most wastestreams under consideration for 
injection well disposal. Based on the change in the ENR Construction Cost 
Index from 1976 (annual average 2401) to March 1985 (4180), the Total Capital 
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Investment for this evaporator, in current dollars, would be $2.26 million. 
To provide direct comparison with other treatment processes, an exponential 
scaling factor of 0.7 was used to adjust the Total Capital Investment for a 
1.0 mgd evaporator, the cost of which would be $1.22 million. A 0.1 mgd 
system was similarly estimated at $243,000. However, these values would 
increase significantly if corrosion problems (high chlorides) required the use 
of exotic materials of construction. 
In the same US EPA report (1976) the total direct operating costs for 
evaporation were estimated at $1.06 per 1000 pounds of water (about 120 
gallons) evaporated. Therefore, the annual cost for a flow of 1.0 mgd would 
be about $3.0 million (1976 dollars). It was also shown that about 95 percent 
of the total direct operating costs associated with evaporation were the 
energy costs (US EPA, 1976). During the time since 1976, the costs of fossil 
fuels has increased much faster than the rate of inflation. Coal prices have 
more than doubled, while natural gas prices have increased by a factor of more 
than five. Therefore, assuming an average increase in energy costs of 200 
percent, the total direct operating cost in 1985 dollars for a 1.0 mgd 
evaporation facility would be about $9.0 million per year. Assuming a scaling 
factor of 1.0 for power and 0.3 for labor, the direct operating costs for a 
0.1 mgd system were estimated to be $1.08 million per year. The total annual 
cost for incineration, based on the approach in Table 5-7, was estimated to be 
about $9.6 million for a 1.0 mgd facility. 
For waste treatment, complete evaporation is more common than evaporation 
to produce a concentrated brine solution. The advantage of this is that 
chemical fixation and landfill disposal of a crystalline salt is much less 
costly than similar treatment for a concentrated brine solution. If complete 
crystallization is not required, however, the operating costs discussed above 
could be reduced, in proportion to that fraction of the water volume which is 
not evaporated. (This is reasonable since most of the operating cost is for 
the energy to evaporate the water.) The costs for chemical fixation and 
disposal of brines and salt are not included under evaporation in Table 5-6, 
but are discussed later (see Treatment and Disposal of Concentrated Brine 
Solutions). 
Chromium Reduction 
The equipment normally associated with chemical reduction processes 
includes storage and contact vessels, metering equipment, agitators, and 
instrumentation for determination of pH and degree of completion of the 
reduction reaction. The cost of treatment varies greatly with individual 
plant locations and wastes. Capital costs depend upon such factors as the 
type, volume, and composition of the waste; the degree of treatment required; 
the treatment process(es) selected; availability of required services; and the 
specific material to be recovered (i.e., metals, chemicals, or water). 
For the purpose of this cost estimate, costs were calculated for the 
chemical reduction of chromium waste from a plating operation using sulfur 
dioxide treatment (US EPA, 1980). Included are the costs of separating the 
precipitated chromium (III) for disposal using a rotary filter. It has been 
assumed that this sludge will have to be chemically solidified and fixed for 
landfill disposal. The costs of chromium sludge disposal are not included in 
the chromium reduction costs in Table 5-6, but are discussed later (see 
Treatment and Disposal of Heavy Metal Sludges). 
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Chemical Precipitation 
Chemical precipitation is usually the most economical method for removing 
heavy metals and other elements (fluorides, arsenic, phosphates, etc.) from 
solution, especially when present at higher concentrations (> 10 mg/L). The 
capital investment and operating costs for chemical precipitation depend on 
the specific wastewater to be treated, and wastes containing some particular 
combinations of metals may require two or more sequential precipitation steps 
to optimize removal. Materials of construction and sludge handling and 
disposal methods are additional variables that affect the costs. 
It should be noted that materials other than heavy metals may be 
precipitated during pH neutralization and require similar separation and 
concentration for disposal. A common example of this occurs when lime is used 
to neutralize sulfuric acid wastes, which results in the generation of 
insoluble calcium sulfate (gypsum). Therefore, the costs for pH neutrali-
zation of sulfuric acid wastes can be assumed to be about the same as for 
metals precipitation. 
For the purpose of this estimate, a three-stage pH adjustment system was 
assumed, with lime as the neutralizing chemical (hydroxide precipitation) (US 
EPA,1980). A lime storage silo, slaker, and slurry tank were also 
included. A gravity clarifier and rotary filter were assumed for separation 
and concentration, respectively, of the precipitated metal sludge. The waste 
assumed for this system (US EPA, 1980) was actually a sulfuric acid mine 
drainage wastestream (0.15 percent sulfuric acid) from which gypsum would be 
precipitated. The lime usage rate required for neutralization under this 
scenario was about 1200 mg/L of waste (5 tons per million gallons). 
It was assumed that the metals containing sludges generated by this 
treatment process would require chemical solidification and fixation for 
landfill disposal. The costs associated with sludge disposal are not included 
in the estimates in Table 5-6; however they are discussed later (see Treatment 
and Disposal of Heavy Metals Sludges). 
pH Neutralization 
Some of the wastes under consideration contain high concentrations of 
mineral acids or bases which, upon pH neutralization, will not cause the 
precipitation of solids. For example, hydrochloric acid and sodium hydroxide 
wastestreams will require only pH neutralization (unless they also contain 
heavy metals or other contaminants that will come out of solution). Although 
the US EPA (1980) did not develop separate costs for these cases, the 
equipment involved will be essentially the same as for chemical precipitation 
minus the gravity clarifier and rotary filter for sludge dewatering (both of 
which are relatively expensive). Therefore, the Total Capital Investment for 
straight pH neutralization was taken to be 60 percent of the costs for 
chemical precipitation. 
Operating costs for pH neutralization are most significantly affected by 
the chemical requirements, which in turn depend on the amount and strength of 
the acid or base to be neutralized. (In the case of chemical precipitation, 
nearly 70 percent of the direct operating costs were for chemicals and only 25 
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percent was for labor.) It was assumed that without solids separation and 
dewatering, Total Direct Operating Costs for pH neutralization would be 80 
percent of those for chemical precipitation and only 20 percent of this amount 
would be for labor. 
The Total Annual Costs were estimated based on the previously stated 
assumptions, according to the procedure outlined in Table 5-7. The costs were 
also updated to March 1985 dollars using the current ENR Construction Cost 
Index. 
Ion Exchange 
Ion exchange is frequently incorporated into systems with other treatment 
processes, such as reverse osmosis, for removal of lower concentrations of 
metals. In most cases, separate cost data are not available solely for ion 
exchange. In addition, many practitioners are reluctant to divulge treatment 
cost data, while costs vary widely and depend primarily upon the stream size 
and composition. 
For the purpose of this cost estimate, data were generated for a dilute 
mixed acid wastestream from a metal finishing operation (US EPA, 1980). The 
assumed design basis included a three-bed ion exchange system in duplicate 
trains for simpler regeneration, with a 24 hour per day, 350 day per year 
operation. 
The regeneration of ion exchange beds, following their exhaustion with 
heavy metals removed from the water, involves the use of either an acid or a 
brine (sodium chloride) solution that must be disposed of after use. The 
regenerant waste, in addition to containing salts or acid, will have a high 
concentration of the heavy metals removed during treatment. Typically, the 
volume of this regeneration stream is between 5 and 10 percent of the total 
throughput volume. Disposal of this metals and brine solution (an acid 
regeneration stream will require pH neutralization) may include several 
recycle or reuse options. Otherwise, this brine will have to be chemically 
solidified and fixed for landfill disposal in a manner similar to that for 
brines from reverse osmosis, electrodialysis, and evaporation. The costs for 
disposal of the regenerant wastestream are not included in the estimates of 
ion exchange costs in Table 5-6, but they are discussed later (see Treatment 
and Disposal of Concentrated Brine Solutions). 
Alkaline Chlorination {Chemical Oxidation} 
Only very simple equipment is required for chemical oxidation, and the 
equipment required for alkaline chlorination is not greatly different from 
that required for use with hydrogen peroxide or other chemical oxidizing 
agents. This includes storage vessels for the oxidizing agents (and perhaps 
for the wastes), metering equipment for the oxidant and wastestreams, and 
contact vessels with agitators to provide suitable contact of oxidant and 
waste. Some instrumentation is required to determine the concentration and pH 
of the water and the degree of completion of the oxidation reaction. The 
process is monitored using an oxidation-reduction potential (ORP) electrode. 
In the case of ozonation, another type of chemical oxidation, there are 
additional capital and operating costs associated with the ozone generating 
equipment, which is fairly energy-intensive. 
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The cost of treatment depends greatly on the individual situation, and 
capital costs are affected by such factors as the type, volume, and composi-
tion of the waste; the specific treatment process selected; availability of 
required services; the degree of treatment required; and the nature of the 
material to be oxidized (for example, complexed versus free cyanide). For the 
purpose of cost estimating, data were generated for the chemical oxidation of 
copper cyanide and sodium cyanide waste from a plating operation using sodium 
hydroxide and chlorine treatment (1). (These costs did not include treatment 
for copper, which is covered under chemical precipitation.) There are no 
significant waste residues generated during alkaline chlorination, although 
subsequent pH neutralization and dechlorination may be required in some cases. 
liquid-Phase Granular Activated Carbon Adsorption 
The equipment required in a liquid-phase granular activated carbon system 
typically includes carbon contactors, pumps, carbon storage tanks, controls 
and instrumentation, and the carbon itself. Spent carbon must be removed for 
regeneration or disposal (usually by incineration). In large systems (more 
than 1000 pounds per day carbon usage), on-site regeneration may be economi-
cal, but for most systems it is more common to use a carbon service that 
includes supply of fresh carbon, change-out of spent carbon, and regeneration 
of spent carbon. 
The US EPA (1980) did not include costs of regeneration/disposal of spent 
carbon in its estimates for carbon adsorption. Therefore, it was assumed that 
a carbon service will be used, and that the total cost will be about one 
dollar per pound of carbon supplied. Assuming that the capacity of the spent 
carbon is about 0.2 pound of COD (chemical oxygen demand, a measure of organic 
concentration) per pound of carbon, and that the amount of COD removed by the 
carbon is 200 mg/L, the average daily carbon usage for a system treating 1.00 
mgd would be 8340 pounds. A system treating only 0.10 mgd would require 834 
pounds per day of carbon. From these assumptions, the estimated annual costs 
for carbon service would be $304,000 for a 0.10 mgd system and $3,040,000 for 
a 1.00 mgd system. These costs have been added directly to the Total Direct 
Operating Cost and Total Annual Cost estimates made by the US EPA (1980) and 
are presented in Table 5-6. 
Airstripping Without Off-Gas Treatment 
Depending on the nature and amount of organics to be removed by air 
stripping, vapor-phase carbon treatment of the off-gas mayor may not be 
required. Conventional air strippers for wastewater treatment resemble 
typical cooling towers in that they contain plastiC or wood packing and have 
openings near the bottom to permit air to enter the tower. Water is intro-
duced at the top and flows downward, while the air is pulled or pushed upward 
through the tower by a fan or low pressure blower. Such a system was assumed 
in the cost estimates developed by the US EPA (1980) and presented in Table 5-
6. 
Airstripping With Off-Gas Treatment by Vapor-Phase Carbon 
Costs for air stripping with vapor-phase carbon treatment were not 
developed by the US EPA (1980) for the same conditions and assumptions made in 
estimating the stripper alone. Futhermore, the nature and amount of organics 
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present can significantly affect design of an off-gas treatment system. 
However, common experience is that a more sophisticated stripping tower design 
along with vapor-phase carbon treatment system for the off-gas more than 
doubles the total capital investment. (Incineration of the off-gases is an 
even more expensive option which may be triple the capital investment required 
for a conventional airstripping system.) Under these assumptions, the Total 
Capital Investment for airstripping with vapor phase carbon adsorption 
presented in Table 5-6 is double that for conventional airstripping without 
off-gas treatment. The Total Direct Operating Costs and Total Annual Costs 
were also assumed to be about double. An additional operating cost exists for 
the residue generated by vapor-phase carbon treatment, however. 
Unlike liquid-phase carbon adsorption, vapor-phase carbon systems do not 
require routine removal of spent carbon for regeneration. The carbon in these 
systems is regenerated in place using steam, the result of which is a small-
volume, high-organic concentration waste residue that must be disposed of. 
Usually, disposal consists of drumming this residue for incineration, the cost 
of which can range from $50 to $100 per drum, depending on the organic 
concentration and specific organics present. Assuming the combined airstrip-
per and vapor phase carbon systems remove 200 mg/L of mixed halogenated and 
nonhalogenated organics (with specific gravity of 1.0) from the waste, and 
that these are mixed with water (condensed from the steam during regeneration) 
in a ratio of one part organics to four parts water, an average of 1000 
gallons (20 drums) per day of waste residue will be produced by a facility 
treating 1.0 mgd of wastewater. Based on a disposal cost of $75 per drum, the 
annual increase in Total Direct Operating Costs would be $548,000. Under the 
same assumptions, the increased operating costs for waste residue disposal at 
a 0.10 mgd facility would be $55,000. These costs were added to the doubled 
values for Total Direct Operating Costs and Total Annual Costs for presenta-
tion in Table 5-6. 
Treatment and Disposal of Concentrated Brine Solutions 
There are several possible options for recovery and reuse of the waste 
brine solutions generated during reverse osmosis, electrodialysis, evapor-
ration, and ion exchange treatment. These include use in chlor-alkali 
processes, electrolytic hypochlorite production, crystallization for use as 
road salt, an selective metals recovery. In many cases, recovery and reuse 
can be accomplished at low cost if not on a break even basis. However, 
recovery and reuse options must be evaluated on a case-by-case bas i s and wi 11 
depend on the presence of contaminants other than common salts. 
For cases in which recycle or reuse is not an option, it has been assumed 
that disposal will consist of chemical solidification and landfilling. 
Solidification is accomplished by adding materials such as sodium silicate 
and/or cement, lime, fly ash, and cement or lime kiln dust to the waste in 
weight proportions ranging from 20 to 100 percent of the weight of the waste, 
with greater amounts required for higher water contents and wastes with highly 
soluble constituents (such as chloride salts). 
The costs of solidification and landfilling of brines is high, and the 
main cost is for chemicals. Several case studies involving aqueous wastes 
containing relatively high salt concentrations showed that costs for chemical 
solidification/fixation can range from 11 to 41 cents per gallon 
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(Connor, 1984). An average cost of 30 cents per gallon has been assumed for 
this evaluation. For concentrated brine volumes of 1,000 and 10,000 gallons 
per day, the costs for chemical solidification and fixation would be $91,000 
and $913,000 per year, respectively. In the case of crystalline salt produced 
by evaporation, the disposal cost is estimated to be $35 per ton, assuming a 
cement-based fixation process. 
An additional cost is imposed for landfill disposal. This cost typically 
ranges from $40 to $50 per ton for relatively nonhazardous wastes such as a 
solidified brine solution (US EPA, 1982). It was assumed that the difficulty 
of solidifying brine solutions will require a 100 percent addition (by weight) 
of the solidifying agent, or a doubling in weight of the waste for disposal. 
(A 50 percent weight addition was assumed for crystalline salts produced by 
evaporation.) Using $40 per ton, the respective annual landfill disposal 
costs for solidified brine wastes with original volumes of 1,000 and 10,000 
gallons per day would be $124,000 and $1,240,000. Assuming an average load of 
30,000 lbs, the annual hauling costs, based on a $3.00 per loaded mile (US 
EPA, 1982) rate and 50 miles (one way) distance, would be about $27,000 and 
$274,000, respectively. 
The total treatment, hauling and landfill disposal costs for 1,000 and 
10,000 gallons per day of waste brine solutions would therefore be $242,000 
and $2,430,000 per year, respectively. In the case of wastes from ion 
exchange regenerations, which will contain heavy metals, the disposal costs 
will be higher but solidification and fixation costs will be lower. Thus, the 
same assumptions were applied to all four types of brine solutions. 
Treatment and Disposal of Hea~ Metals Sludges 
Except for their potential recovery and reuse, the only disposal option 
that exists for metals sludges generated by chemical precipitation treatment 
is to landfill them after chemical solidification and fixation treatment. A 
similar disposal option may be required for other sludges generated during pH 
neutralization or precipitation processes, such as gypsum (calcium sulfate) 
sludges produced during neutralization of sulfuric acid with lime. Basically, 
the solidification and fixation processes are very similar to those discussed 
for concentrated brine solutions. However, prior sludge dewatering and the 
more limited solubility of precipitated waste constituents combine to make 
solidification and fixation a more economical solution than in the case of 
waste brine solutions. 
For the purpose of estimating the additional Total Direct Operating Costs 
and Total Annual Costs associated with treatment and disposal of these 
sludges, it was assumed that a 30 percent solids sludge cake would be gene-
rated at a rate of 1000 gallons per day (about 135 cubic feet), and would have 
an apparent bulk density of 80 pounds per cubic foot. These are typical 
characteristics for metal hydroxide sludges produced through chemical preci-
pitation. The volume of sludge was chosen arbitrarily, since actual sludge 
generation rates are dependent on the types and concentrations of metals 
present as well as the volume of the untreated wastewater. It has been 
assumed that sludge generation rates (dry weight basis) will be roughly double 
the initial concentration of metals in the wastewater. The sludge volume 
assumed (1000 gallons per day of dewatered cake) corresponds roughly to a 
metals concentration of between 150 and 200 mg/L in a 1.0 mgd wastestream. It 
also corresponds to a metals concentration of between 1.5-2.0 percent in a 
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10,000 gallon per day wastestream. The relationship between mass of sludge 
produced and estimated treatment and disposal costs is linear. 
Chemical solidification and fixation costs for cement-based treatment are 
typically between $35 and $50 per ton of sludge, while costs for lime-based 
treatment run between $6 and $30 per ton of sludge (US EPA, 1982). The choice 
of solidification and fixation agents must be determined for each waste sludge 
and cannot be predicted on a generic basis. Therefore, an intermediate cost 
of $30 per ton has been assumed. Based on the earlier assumptions, which 
result in 5.4 tons per day of sludge (total weight), the cost of chemical 
solidification and fixation treatment is estimated to be $59,000 per year. 
Landfill disposal costs for this sludge are estimated to be $50 per ton 
(US EPA, 1982), which reflects the somewhat higher degree of hazard associated 
with heavy metals sludges compared to the solidified brine solutions discussed 
earlier. Typically, solidification of such sludge increases their volume by 
20 to 50 percent and most have an apparent bulk density of 100 to 120 pounds 
per cubic foot (US EPA, 1976). Therefore, assuming 100 pounds per cubic foot 
and 175 cubic feet (130 percent of original volume) per day, the landfill 
disposal costs are estimated to be $159,000 per year. Hauling costs are based 
on $3.00 per loaded mile, a 150-mile distance (which reflects the requirement 
for a more secure landfill), and an average load size of 35,000 pounds. The 
annual hauling costs would therefore be about $82,000. 
The annual Total Direct Operating Costs for solidification, fixation, 
hauling, and landfill disposal of 1000 gallons per day of 30 percent (dry 
weight) heavy metals sludge would therefore be $300,000. 
Injection well Disposal 
The costs of deep well injection systems for liquid waste disposal depend 
on a number of factors including depth of the disposal zone, rate of injec-
tion, formation injectivity drilling costs, well operating costs, and the need 
for treatment (filtration) prior to injection. The US EPA (1980) estimated a 
capital cost as high as $1,000,000 to $1,340,000 for a complete system, but 
did not specify an injection rate, pressure, or well depth from which costs 
for different systems could be developed. Therefore, the cost estimates 
presented in Table 5-6 were based on cost curves published by the US Depart-
ment of the Interior (1970). 
Assuming an injection pressure of 300 psi, which is the maximum injection 
pressure permitted for most existing systems in Illinois (see Table 5-1), the 
total capital investment costs for 0.1 mgd and 1.0 mgd systems are $693,000 
and $783,000, respectively. The corresponding direct operating costs for 
these systems are $144,000 and $261,000 per year. (Not included in these 
costs is the tax assessment for injection well disposal, that currently ranges 
from $2000 to $9000 per year, depending on the volume of waste injected.) The 
Total Annual Costs for the 0.1 mgd and 1.0 mgd systems are $293,000 and 
$485,000, respectively. Note that the deep well injection costs presented 
above were calculated from the cost data in the US Department of Interior 
report (1970). The actual cost figures from wells within Illinois are from 
one and a half to two times higher than the figures shown here. 
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SOCIETAL AND ENVIRONMENTAL IMPACTS OF CHANGES IN UIC REGULATIONS RELATED TO 
THESE ALTERNATIVE TREATMENT TECHNOLOGIES AND DISPOSAL METHODS 
As was discussed early in this section, the current UIC regulations and 
practices are under critical review. One aspect of this review deals with one 
of three possible scenario for deep well disposal. First, the current 
disposal methods may continue to be allowed, with no waste treatment 
required. Second, it may become necessary to treat wastes to destroy or 
remove all or part of the hazardous components prior to deep well injection. 
And third, injection well disposal may be banned altogether. 
One possible reason for changing the UIC regulations and practices would 
be to reduce the overall social, economic, and environmental impacts 
associated with the disposal of wastes currently (or with the potential to be) 
disposed of in injection wells. The task of evaluating the economic impacts 
of alternative treatment technologies and disposal methods is relatively 
straightforward, as costs can be easily estimated. It is more difficult, 
however, to quantify the potential social and environmental impacts of the 
alternative treatment and disposal methods in terms that can be compared with 
those of injection well disposal. The following is an attempt to compare 
potential adverse societal and environmental impacts that may be associated 
with the previously discussed treatment and disposal alternatives. 
Potential Adverse Impacts of Injection well Disposal 
Under the current UIC regulations, all industrial wastes (of the type 
under consideration in this report) must be injected only into Class I 
wells. The aquifers into which Class I wells discharge have a very high 
mineral salts content, which makes them unsuitable for drinking or irrigation 
by present standards and practices. The UIC regulations of the Safe Drinking 
Water Act have specifically set aside all ground water containing less than 
10,000 mg/L TDS for existing and potential future drinking water use. 
, Of greater concern is the possibility that water from an aquifer that has 
been injection with hazardous wastes will migrate into and contaminate fresh 
water aquifers. Migration of ground water occurs when there is both a 
hydraulic head gradient between the injection zone and overlying USDW and a 
pathway through which water can move. Fissures or cracks in the strata 
separating the aquifers and poorly constructed or abandoned wells can provide 
such a pathway. These problems can also be aggrevated when injection or 
withdrawal activity changes natural groundwater flow patterns or when the 
geologic formations making up the disposal system are changed by strong 
seismic activity. 
The contamination of a fresh-water aquifer could have a potentially 
serious impact on the public drinking water supply, depending on the types and 
concentrations of the contaminants present. In some cases, the contamination 
of an aquifer can mean its loss as a potential source of drinking water. In 
cases where the contamination is less severe, the water removed from the 
aquifer would have to be subjected to additional treatment steps, such as 
activated carbon adsorption, before it could be used as drinking water. In 
either case, detection of the problem through an adequate monitoring system 
would be required. 
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The requirement that a waste be treated to remove hazardous components 
prior to injection well disposal would certainly reduce the risk of contami-
nation of one aquifer by another through inter-aquifer leakage. However, the 
treatment processes themselves have associated with them potential adverse 
impacts that must also be considered. 
Potential Adverse Impacts Associated with Waste Treatment Technologies 
Aside from the economic impact (capital and operating costs) of requiring 
treatment prior to injection well disposal or other forms of disposal (POTWor 
direct discharge), the direct impacts of the treatment technologies considered 
in this report are not very significant. Some of these would be increased 
electrical power and chemical consumption, increased air emissions from the 
treatment processes and generation of additional power to run them, and the 
increased potential for contamination of near-suface aquifers as a result of 
leaks and spills within the treatment systems. Other direct environmental 
impacts would be related to the quality of surface water and performance of 
treatment facilities (POTW's) receiving the treated wastes, should injection 
well disposal be banned altogether. 
Perhaps more important, however, are the indirect impacts associated with 
the alternative waste treatment technologies, primarily the ultimate disposal 
of residues generated during treatment. These residues include sludges 
containing heavy metals, concentrated brine (salt) solutions, crystalline 
salts, spent activated carbon, and waste solvents. Some residues, such as 
waste solvents, can be destroyed by incineration, while activated carbon can 
either be incinerated or regenerated. In such cases, there will be an 
increase in total air emissions, as well as the generation of ash that will 
require disposal. Other residues of waste treatment cannot be destroyed by 
incineration or chemical oxidation, however, and must be sent to secure 
landfills for disposal. 
It has been assumed throughout this section that any hazardous residues 
generated during treatment would require solidification and chemical fixation 
prior to landfill disposal. The purpose of this is to reduce the potential 
for leaching of the hazardous materials from the landfills into near-surface 
aquifers. Leachate formation itself is not prevented by these processes, 
rather the rate at which hazardous substances leach out of the landfill is 
reduced by solidification and fixation. Even so, there is potential over long 
periods of time for a sufficient amount of hazardous materials to leave the 
landfill as to pose a threat to the ground water in the area. While this 
poses serious concerns over the long-term impacts of landfill disposal in 
general, the more specific concern is whether surface disposal (landfills) 
represent a better solution than subsurface (injection well) disposal. In 
most cases, a comparison of the tightness (lack of overall permeability) and 
thickness of confining materials, the existence of conditions that can cause 
changes in the characteristics of confining materials, and the magnitude of 
hydraulic head gradients between the disposed wastes and the nearest USDW are 
generally less favorable in the near-surface landfill environment than in the 
environment of a deep disposal zone. 
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POTENTIAL COSTS AND IMPACTS OF CHANGES IN UIC REGULATIONS TO EXISTING USERS OF 
CLASS I DISPOSAL WELLS IN ILLINOIS 
To assist in evaluating the potential impacts of changes in the UIC 
regulations, a detailed evaluation of the various treatment and disposal 
alternatives was made for the seven existing industries using injection well 
disposal within the State of Illinois (see Table 5-1). The basis for cost 
estimates are the same as previously discussed. It should also be recalled 
that the level of accuracy associated with any individual cost estimated under 
these assumptions may range from minus 50 percent to plus 100 percent. The 
total estimated costs should be of greater reliability, however, as the 
overestimates and underestimates for individual items tend to cancel one 
another. 
Impacts Associated with Current Injection well Disposal Practice 
The annual operating costs associated with current injection well 
disposal practice were estimated to total about $1,820,000 for the seven 
industries, not including special taxes paid under UIC regulations. The range 
of estimated operating costs was from $202,000 to $365,000. The total capital 
investment represented by the existing wells was estimated to be $4.71 million 
(March 1985 costs), with an average cost per well of $673,000, bringing the 
total annual costs for the seven industries to $1,820,000 (using the equation 
at the bottom of Table 5-7, with labor estimated to be 50 percent of the Total 
Direct Operating Cost). As stated before, these calculated costs for deep 
well injection appear low by a factor of one and one-half of two, compared to 
actual experience in Illinois. This fact may make pretreatment of hazardous 
components before injection even more attractive. 
Impacts Associated with Requirement for Treatment Prior to Injection 
The characteristics of the existing wastestreams are as given in Table 
5-1. Of these streams, B, 0, and G are nonhazardous according to regulatory 
definitions. Their major undesirable property is high dissolved solids (salt) 
content. Since Class I well injection is allowed only into aquifers with 
dissolved solids (TDS) greater than 10,000 mg/L (or 1%), injection of these 
streams would have minimal impact. Stream C contains such a high concentra-
tion of iron that treatment followed by injection would be more expensive than 
treatment alone. Recycling of stream C by another industry may currently 
border on economic feasibility, if a user could be found. 
Estimated relative costs for the three options are shown in Table 5-8 for 
the seven industries. These estimates were prepared using standard cost 
curves published by the US EPA (1980) and deep well cost data quoted by a US 
Department of Interior report (1970) with costs for each updated to March 1985 
dollars using the ENR Construction Cost Index. Treatment before injection 
would remove acid from streams A and E, and alkali and organic compounds in 
stream F, at an estimated annual cost of 2.9 to 6.2 times that of injection 
alone. This represents an estimated annual economic impact on those three 
industries of an additional $3.2 million. The nonhazardous wastestreams of 
industries B, 0, and G would require no treatment before injection. The pre-
treatment requirement would force industry C either to find a recycling market 
for the stream or to switch to the economically unacceptable alternative of 
above-ground treatment. Relaxation of the pretreatment requirement for 
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t; 
Di sposal Opt ion 
Deep Well Injection 
Pretreatment/Injection 
T~leS~~ R~~Q.tive Costs for Deep Well Injection,(1) 
Pretreatment ~ ) /Inj ecti on, and Ph ove Ground Treatment & Di sposal 
Rel ative Annual Cost(3) 
Industry with Hazardous Waste Industry with Nonhazardous Waste 
A C E F B D G 
1.0 1.0 1.0 1.0 1.0 1.0 1.0 
2.9 N/A(4) 4.6 6.2(5) 1.0(6) 1.0(6) 1.0(6) 
Above Ground Treatment(4) 16.3 40.0 18.7 20.8 1.3 6.8 5.4 
--- --- ---------- -----.----~-. ---
Average 
1.0 
2.8(5) 
15.6 
(1) Note that the deep well i nj ect i on costs used to generate the normal i zed base for thi s rel at i ve cost 
comparison appear to be 1 1/2 to 2 times too low as compared with experience in III inois. See text for 
detail s. 
(2) 
(3 ) 
(4 ) 
(5 ) 
( 6) 
For specific constituents removed by pretreatment: see text. 
All costs normal ized to estimated deep well injection costs. 
Pretreatment/injection not feasibl e; see text. 
If neutral ization of high pH is not required before injection, annual cost for industry F decreases to 
3.6 times injection cost. This decreases the average rcl ative cost to 2.4 times injection costs. 
No pretreatment required. 
alkaline wastestreams would lower the relative cost for industry F from 6.2 to 
3.6 times the injection costs. 
For the seven industries, residues generated during treatment will total 
35,360 cubic yards per year, with one industry (that for which direct solidi-
fication and fixation was assumed) accounting for 30,000 cubic yards. The 
remaining 5360 cubic yards consists of a variety of metal-containing sludges 
after solidification and fixation. Another residue of treatment will be about 
274,000 gallons (5500 drums) per year of a mixture of water and halogenated 
hydrocarbon solvents recovered from regeneration of a vapor-phase carbon 
adsorption system. This waste solvent and water mixture would most likely be 
incinerated. The costs of incineration, as well as landfill disposal costs, 
have been included in the operating costs above. 
The cost estimates stated above are for pretreatment of the hazardous 
components in the wastestreams as they are now injected. Many of these 
wastestreams are the result of combining smaller streams within the plant, and 
could be treated individually, before mixing with the other streams, more 
economically. In addition, new technologies are emerging which provide more 
environmentally sound alternatives to landfilling. 
Impacts Associated with Elimination of Injection Well Disposal Option 
In all but one case, the level of treatment required for direct discharge 
was assumed to be the same as for discharge to a POTW, with the single 
possible exception being a requirement for biological polishing treatment 
similar to that provided by a POTW. Therefore, this cost was not included in 
the total estimates made. Also not included were the costs of any sewers, 
pipelines, or discharge structures that may be required, nor were pretreatment 
charges for POTW discharge included in the annual operating costs. 
The total capital investment required of the seven industries if 
injection well disposal is eliminated was estimated to be $7.02 million, with 
the highest value being $3.21 million and the lowest $211,000. The average 
capital cost for the seven industries was thus $1.00 million. The industry 
for which direct solidification and fixation was assumed had the second lowest 
estimated capital cost. Of the total, more than $1.50 million was for the 
evaporation and fixation of mineral salts which, although not considered 
hazardous, were present at levels exceeding the assumed discharge limits 
(6000 mg/L) and therefore required removal. 
The sum of the annual operating costs for the seven industries was 
estimated to be $18.56 million, for an average of $2.65 million per year. The 
costs ranged from a low of $160,000 to a high value of $5.89 million, the 
latter representing the case in which direct solidification and fixation had 
been assumed. (The next highest individual cost was $4.81 million per 
year.) The average for the other six industries was therefore $2.11 million 
per year. 
Of the total operating costs, $8.37 million was for the evaporation, 
fixation, and landfilling of mineral salts which were present at concentra-
tions exceeding assumed discharge limits. (Of the amount, $5.03 million was 
for evaporation and $3.34 million for disposal-related costs.) The higher 
costs of evaporation, compared to reverse osmosis and electrodialysis, were 
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easily offset by the reduction in costs for solidification, fixation, and 
landfill disposal. It may be possible, however, for this operating cost to be 
reduced dramatically if markets can be found for the recovery and reuse of 
such waste brines or salts. 
Thus, banning of deep well injection for industries A, C, E, and F, and 
requiring above-ground treatment and disposal, would increase estimated total 
annual costs (operating costs plus annualized capital costs) by a factor of 
16.3 to 40.0 times, resulting in an estimated annual economic impact of $24.0 
million for the four industries whose wastestreams contain hazardous compo-
nents. Industries B, D, and G would incur an estimated additional $2.9 
million impact if above-ground treatment were required. 
In the above estimates only standard technologies (as discussed in this 
report) were used, and no innovative or emerging technologies were considered. 
In addition, the above cost comparisons do not reflect the fees collected for 
injected hazardous wastes. Due to the general nature of the information used 
for the calculations, actual costs may be expected to range from 50 percent 
lower to 100 percent higher than the estimates. 
The total amount of waste residue generated for disposal was estimated to 
be about 57,500 cubic yards per year. Of this amount, 30,000 cubic yards was 
from the industry for which direct solidification and fixation was assumed, 
while 22,200 cubic yards were the chemically fixed mineral salts from evapo-
ration. An additional 274,000 gallons (5500 drums) per year of water and 
halogenated hydrocarbon solvents was again estimated to be generated by the 
regeneration of a vapor-phase carbon system treating the off-gas from an 
airstripper. This water and halogenated solvent mixture would most likely be 
incinerated. 
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Summary of Impacts of Disposal Options 
Societal and Environmental Impacts - The task of quantifying the social, 
human health, and environmental impacts of various disposal options is 
extremely difficult and is beyond the scope of this report; however, a 
qualitative assessment of these impacts was made. The greatest concern with 
deep well disposal is the possibility of contamination of fresh water aquifers 
by migration of waste constituents from the injection formation. This could 
mean human health problems, loss of the aquifer as a public drinking water 
supply source, or merely greater drinking water treatment requirements. 
Requiring that hazardous components be removed or wastes treated above ground 
might reduce the risk of aquifer contamination, but would have its own 
impacts. Those components that were removed but could not be destroyed would 
still have to be stored or placed somewhere and would always represent a 
potential contamination problem. Incineration or catalytic oxidation 
processes are capable of destroying organic components while leaving little or 
no undesirable residue, however. Landfilling or other disposal at the surface 
may, by proximity to potable aquifers and populations, represent a more severe 
threat to water supplies and public health than does deep well injection. 
Salt solutions, in particular, are costly to concentrate and difficult to fix 
in a manner which will prevent leaching after landfilling. Landfills 
themselves have a negative aesthetic impact. 
Economic Impacts on Existing Users - For the seven industries in Illinois 
who currently use injection well disposal, the estimated impact of various 
treatment costs on total annual costs is between 3.2 and 26.9 million 
dollars. The lower figure represents the requirement of pretreatment of 
hazardous components for three industries prior to injection, while the higher 
figure represents the impact if deep well injection were banned. The 
corresponding capital investment for pretreatment and alternate treatment 
options ranges of alternate treatment costs from $2.0 to 7.0 million. These 
figures are only approximate, due to the simplified methods of cost estimation 
used. It should also be recalled that actual deep well injection costs in 
Illinois may be higher than these current estimates reflect. 
The implications of the information given in this chapter indicate that 
each disposal option available for hazardous and nonhazardous wastestreams has 
specific economical, environmental, and societal impacts associated with it. 
The risks, costs and benefits, and trade-off factors for each option require 
identifications and then comparison with other options so that the appropriate 
waste disposal option can be chosen. Deep well injection of industrial wastes 
in class I wells represents one potential disposal option. Wastestreams in 
this option could be handled in one of three possible ways: 1) injection of 
the wastestream after little or no pretreatment, 2) injection of the 
wastestream after pretreatment with an alternate technology(ies) to remove and 
dispose of selected waste components, 3) ban injection and use alternate 
disposal options for the entire wastestream. Pretreatment of wastestreams to 
remove hazardous components appears to be one means of reducing the risk of 
deep well injection of hazardous wastes. However, before pretreatment is made 
a requirement, a thorough evaulation, as outlined above, must be made for all 
the impacts and levels of risk associated with each mode of disposal. 
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This chapter is the beginning point of a process that identifies the 
various technologies available for handling or disposing of liquid industrial 
wastes that are candidates for deep well disposal. This process also includes 
reviewing the costs, benefits, risks, impacts, and trade-offs associated with 
each disposal option. Specific studies are needed to provide detailed 
information on which the public can make sound policy decisions concerning the 
injection of industrial wastes (particularly hazardous wastes) in Class I 
wells. Part of this process of gathering information involves making the 
public aware that chemical waste generation is inextricably linked to the 
technology and resultant products that the public itself demands. All steps 
taken to minimize the risk caused by generated wastes have a cost that will 
ultimately be borne by the public. Therefore, the public must obtain the 
necessary information on all aspects of disposing of hazardous wastes before 
being able to make informed decisions on acceptable levels of risk, commitment 
of economic resources, and the most appropriate disposal options that will 
minimize the risk to public health and the environment. 
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Chapter 6 
Conclusions & Recommendations 
The following conclusions and recommendations have been drawn from the 
Legislatively mandated study of the Underground Injection Control program for 
Class I wells in Illinois (Environmental Protection Act, January I, 1985). 
The disposal of hazardous industrial wastes in Class I wells was of special 
interest in the mandate; however, it is to be noted that the regulations are 
equally stringent for all types of injected wastes. These wastes must meet 
the same basic regulatory requirements for confinement within the disposal 
zone and for maintaining protection of all USDW situated within the area of 
influence. Injected wastestreams in Illinois are composed predominantly of 
industrial acids, but also include industrial bases and near neutral waste-
streams. Water is the principal component of these wastes. Accessory 
inorganic salts and some organic compounds make up the complement. The waste-
streams are classified as hazardous at four disposal sites (6 wells) and 
nonhazardous at the other three sites (3 wells). 
The Legislative mandate has posed a question concerning the underground 
injection of hazardous wastes into class I wells as an appropriate disposal 
option for the State of Illinois. 
This study has shown that based on all available information on 
the fate of wastes injected into deeply buried geologic formations, 
deep well injection of industrial wastes in Illinois appears to be a 
viable disposal option when selection and testing of the targeted 
disposal formation, well operation, well monitoring, and well 
testing meet UIC regulations. However, prior to selection of deep 
well injection as a disposal option, all alternative disposal 
options for each candidate wastestream should be demonstrated to be 
technically, environmentally, or economically unacceptable. 
Certain geologic formations in Illinois are suitable for deep 
well injection, including those currently being utilized at the 
seven industrial sites. However, in several broad groups of 
geologic units, and in the regional occurrence of other units, 
geologic conditions are not favorable for injection. Unfavorable 
conditions include lack of adequate confining units, lack of heavily 
mineralized water (> 10,000 mg/L TDS) in and below potential dis-
posal zones, presence of potential hydraulic connections between 
units by way of permeable fault zones, and an area of the State in 
which the high potential for seismic events may have a severe risk 
for damage to man-made structures. 
The wastestreams injected by Class I wells at the present time 
are from specific industrial processes and therefore they have been 
relatively homogenous in composition with time. Currently there are 
no commercial injection wells in Illinois. This type of well 
accepts wastes from one or more off-site waste generation sources. 
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A second question has been directed toward determining the adequacy of 
the regulations and enforcement practices governing Class I underground injec-
tion to protect the environment and public health. 
The regulations for Class I wells in Illinois are adequate to 
administer this class of disposal wells. For the most part the 
enforcement practices provide an adequate framework in which to 
carry out the intent of the regulations to insure containment of 
injected wastes and to safeguard the USDW. As new technologies 
develop and standards are tightened or amended, these regulations 
and practices may require fine-tuning to insure continued and more 
thorough protection of all USDW and to minimize risk to human health 
and the environment. The following recommendations are made 
concerning suggested changes for the regulations and the regulatory 
practices. 
Recommendation is made for deletion of Section 704.193(b)(3) in 
Title 35 of the Illinois Administrative Code. This section reads as 
follows: 
"The Agency may require as a permit condition that 
injection pressure be so limited that pressure in the injection 
zone does not exceed hydrostatic pressure at the site of any 
improperly completed or abandoned well within the area of 
review. This pressure limitation shall satisfy the corrective 
action requirement. Alternatively, such injection pressure 
limitation can be part of a compliance schedule and last until 
all other required corrective action has been taken." 
Since injection of any significant quantity of waste into an 
injection zone instantaneously causes a pressure front to move 
rapidly in a radial direction from the well toward the margins of 
the area of review, injection could not be practiced under this 
permit condition. Therefore, the only appropriate corrective action 
to take for improperly sealed, completed, or abandoned wells that 
penetrate the disposal zone or its cap rock and also lie within the 
area of review is for proper sealing, completion or abandonment 
procedures to be undertaken and completed before injection 
commences. Section 704.193(a) which reads as follows: 
"Applicants for Class I or III injection well permits shall 
identify the location of all known wells within the injection 
we1l's area of review which penetrate the injection zone. For 
such wells which are improperly sealed, completed, or 
abandoned, the applicant shall also submit a plan consisting of 
such steps or modifications as are necessary to prevent 
movement of fluid into underground sources of drinking water 
("corrective action"), 
is sufficient to cover the corrective action needed when improperly 
sealed, completed, or abandoned wells exist in the area of review. 
Therefore, it is recommended that 35 Ill. Adm. Code 704.193(b)(3) be 
deleted from the regulations. 
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The term radioactive waste as used in Section 730.105(d) and 
Section 730.105(e)(11) needs refinement of definition to identify 
what levels or limits of radioactivity are intended and what levels 
of radioactivity in process wastestreams constitute a hazardous 
waste. The regulations presently allow injection of radioactive 
wastes in Class V wells. It is recommended that injection of low-
level radioactive wastes from process streams (radiation intensity 
range specified) ought to be regulated only under Class I rules and 
~ practices. 
At present, submission of the Well Completion Report is not 
required before well operation begins. As the data supplied in that 
Report act as a final verification of the subsurface conditions 
proposed in the permit application and Feasibility Report, it should 
be submitted by the applicant and evaluated by the IEPA before 
injection is allowed to commence. 
The area of review should be enlarged for some proposed well 
sites to include a safety factor based upon knowledge of both the 
possible directional bias of formation permeability patterns, frac-
tures, or crevices and the effects this bias of formation permea-
bility patterns, fractures, or crevices may have on the movement of 
the waste in the disposal formation. 
A comprehensive inorganic and organic chemical analysis of the 
injected wastes should be required at the time of well permitting, 
and at a frequency no greater than annually thereafter. The 
analysis should be run on two levels: 1) specific analysis of all 
compounds connected with the manufacturing process, and 2) compre-
hensive scan analyses, utilizing gas chromotography, mass spectro-
metry, inductive coupled argon plasma spectrometry, etc., to provide 
a "surveyll characterization of the wastestream. In addition, 
determination of total organic carbon (TOC) and total organic 
halogen (TOX) should be performed to determine if all major organic 
constituents present in the wastestream have been identified. In 
cases where TOC and/or TOX values are significant, complete charac-
terization of the organic fraction of the waste should be carried 
out. In the event of contamination of a USDW near an injection 
well, these chemical analyses will be vital in determining the 
source(s) and the extent of contamination. 
Another point of interest with Class I wells concerns what is known and 
unknown about the subsurface geologic environment and the fate of wastes 
injected into selected disposal zones within this environment. 
Extensive knowledge about the subsurface geology of Illinois 
has been gained from oil, gas and mineral resource exploration, 
testing, and production. Numerous reports and large data files 
describe regional and site specific geologic and hydrogeologic 
conditions for the State. Evaluation of data in these large data 
bases indicates that deep well disposal of wastes is feasible in a 
number of saline aquifers across the central two-thirds of 
Illinois. These data have also been used to identify features and 
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conditions that would limit injection capacity or compromise the 
integrity of the confining units. This report identifies the areal 
distribution of major geologic units in which one or more potential 
disposal zones may be present. It also identifies areas and 
geologic units in which conditions for injection are limiting or 
unfavorable. 
The rate of fluid movement in the deep subsurface environment 
can be shown by analytical techniques to range from extremely slow 
for natural groundwater flow to slow for most deep well injection 
operations. Moderate rates may be possible under a high injection 
rate at the maximum possible injection pressure in a thin disposal 
zone. Consideration of the anisotropy and inhomogeneity that exist 
in the rocks of most disposal zones gives a more accurate picture of 
waste movement in the disposal zones. Injection activity generally 
raises the bottom hole pressure in the injection zone and this 
exerts a hydraulic gradient across the confining intervals. As this 
gradient is increased when the injection pressure is increased, the 
potential for eventual leakage of a significant amount of fluid 
through the confining intervals also increases. 
Changes in the character of wastes after injection into a 
disposal formation can be expected but cannot be easily monitored 
with current monitoring practices or technology. Compatibility 
studies conducted at the time of initial permitting of the nine 
disposal wells indicated that no significant incompatibilities 
existed. A review of monitoring data verifies this in that 
injection rates have remained constant over an extended period of 
time and there has been little or no increase in injection 
pressures. More refined compatibility studies conducted to mimic 
insitu formation conditions would provide a better understanding of 
subsurface chemical interactions in the disposal zone. 
Degradation changes in waste components, particularly organic 
compounds, have not been well documented for the subsurface disposal 
environment. Microbiological degradation is expected for some 
injected organic compounds but has not yet been studied. Some waste 
components (solutes) move through the disposal zone at a slower rate 
than injected water due to both chemical interaction and adsorption 
on the surface of mineral grains in the formation rock. 
Much of what is known about the fate of waste injected in the 
injection zone is gained by monitoring and evaluating operational 
parameters of injection wells. This monitoring effort and the 
chemical/physical characterization of the injected wastestreams are 
necessary functions for safe operation of deep well disposal 
systems. If more information is needed to determine the flow 
pattern and the fate of waste in the injection zone surrounding an 
injection well, additional monitoring may be one means by which this 
information can be gathered. Such monitoring will have to either be 
done in the disposal well or through monitoring points (wells) 
positioned radially from the disposal well. It is noted that current 
technology cannot easily monitor changes in the character of 
injected wastes after they have left the well bore. 
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Direct monitoring of the disposal zone by the use of a moni-
toring well partially or fully penetrating the disposal zone is not 
advisable. Each additional well penetrating the injection zone 
provides another avenue of escape for the injected waste. However, 
if subsurface monitoring other than that which can be done in the 
disposal well is required, the best position for such monitoring 
would lie in the first permeable zone immediately above the primary 
confining unit. Monitoring at this position would provide an 
optimum opportunity for early detection of leakage that might take 
place through the confining unit. An appropriate monitoring pro-
tocol has not yet been developed for use as a basis for designing 
and operating monitoring systems for Class I disposal wells. 
Injected wastes may migrate radially from the well farther than 
expected in those disposal zones in which the rock is fractured, 
creviced, or made up of multiple layers having marked variability in 
vertical and horizontal permeabilities. Most calculations made for 
waste transport in disposal zones assume isotopic flow through 
homogeneous, porous media. Modification of the analytical 
procedures used to make these calculations so that typical 
anisostropies and nonhomogeneities in hydraulic properties are taken 
into account will give more accurate estimates of waste/solute and 
pressure migration and distribution in the waste disposal 
interval. Detailed characterization of the chemical composition of 
existing and candidate wastestreams has been lacking in sufficient 
detail to conduct a thorough evaluation of solute-solid and fluid-
groundwater interactions that influence injection operations. 
Minor and moderate size seismic events offer little or no 
potential risk to maintaining the integrity of disposal wells and 
confining units. However, severe earthquakes may offer some to 
possibly significant levels of risk to disposal system sited in 
certain geologic and geographic settings of the State. Wells sited 
where a significant seismic risk has been identified should meet 
design earthquake requirements in planning and construction. 
The general picture for deep well injection of industrial 
wastes is well understood. In Illinois, this understanding has 
allowed delineation of the areal distribution of a number of 
potential disposal zones in which injection activities conducted 
within strict compliance of the UIC regulations will have no or very 
little potential impact on USDW and the surface environment. At 
specific well sites there may be some uncertainty about selected 
detailed aspects of the subsurface geologic environment and the 
absolute fate of discrete volume portions of the waste in the 
disposal zone. Further study is recommended to collect information 
on the significant unknowns, to evaluate this information for iden-
tification of the significant factors, and to recommend a proper 
course of action for monitoring and removing the significant hazards 
to USDW and public health. 
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Oisposal alternatives to underground injection of industrial (including 
hazardous) wastes in Illinois have been identified and a comparison made of 
the risks and impacts associated with each disposal option. 
A number of proven alternative waste disposal options are 
available for most hazardous and nonhazardous waste components found 
in wastestreams currently injected into Class I wells and potential 
candidates for deep well disposal. Each option has its own 
economic, environmental, and societal impacts that may be smaller or 
greater than the impacts associated with the deep well disposal 
option. Likewise each option poses a certain level of risk to 
public health and safety. Some disposal options such as those 
requiring land-filling of residual/indestructable, inorganic 
components may place shallow potable aquifers at greater risk than 
deep well injection. 
Alternates to deep well disposal of hazardous and nonhazardous 
wastes must either destroy the waste components or reduce them to 
insoluble residues that can be stored in secure disposal sites. 
Water or gases generated by these disposal alternatives must be 
safely released into the surface/near surface environment. Certain 
disposal options operated at a high level of efficiency are capable 
of converting most organic compounds to harmless combustion 
products, thus essentially eliminating the hazardous nature of these 
compounds. Other disposal options can treat inorganic components 
and reduce these to residual/indestructible compounds that must be 
disposed of in a secure landfill. 
Comparison of relative economic and environmental impacts of 
the deep well disposal option with other disposal options shows deep 
well injection to rank among the less costly options and have a less 
severe impact on USDW and the surface environment than the 
landfilling option. Landfilling of hazardous wastes and residual 
and indestructable compounds, if deep well injection is not used, 
would place greater potential risk to shallow potable aquifers than 
would deep well injection. 
The three possible management options 1) injection with no 
pretreatment, 2) injection with pretreatment to remove selected com-
ponents, and 3) injection banned) for deep well injection in Class I 
wells would result in economic impacts for industries using deep 
well disposal and generate specific risks and impacts for USDW and 
the surface environment. Requiring pretreatment of the hazardous 
components present in a wastestream prior to injection would 
increase the estimated annual cost of deep well disposal by factors 
of about 3, 5, 6, and (40) for the four industries whose waste is 
classified as hazardous. The total annual economic impact for the 
first three industries has an estimate value of $3.2 million. 
Pretreatment of the waste from the fourth industry would not be 
economically feasible and would force this industry to take some 
form of action which was not included in this estimate. The 
nonhazardous wastestreams of the other three industries would 
require no pretreatment. 
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Banning of deep well injection would result in an estimated 
average fifteen fold increase in treatment and disposal costs for 
the seven existing wastestreams in Illinois. The combined estimated 
annual economic impact on those seven industries would total $24.0 
million. The environmental risks associated with waste disposal 
using technologies other than deep well disposal appear to be 
significant but are difficult to quantify and are beyond the scope 
of this report. 
It is concluded that several viable disposal options are 
available for hazardous and nonhazardous industrial wastes. In some 
disposal situations the use of multiple disposal options (including 
recycling and reuse) may most effectively handle wastestreams and 
reduce the risk and impact on USDW and the surface environment. One 
such option for wastestreams being injected in Class I wells is 
pretreatment for removal, destruction, or concentration reduction of 
selected (hazardous) components prior to deep well injection. It is 
recommended that prior to selection of a disposal optim(s) for 
industrial wastes the following items be donee: 1) make a compre-
hensive identification/evaluation of all significant risks, 2) 
establish what constitutes acceptable risk, and 3) determine the 
costs/benefits and environmental impacts associated with each 
disposal option or level of pretreatment. Banning of deep well 
injection appears to be an inappropriate option in light of the 
increased risk resulting from disposal of some waste components in 
or near the surface environment. The placement of limitations on 
deep well disposal may be much more protective of USDW and the human 
health than a ban on Class I wells. 
As stated above, disposal of nonhazardous and hazardous industrial wastes 
in selected saline formations of Illinois appears to be a viable disposal 
option. The regulations and the regulatory practices in the UIC program for 
Class I wells are adequate to insure safe operation of the injection wells and 
containment of injected wastes. Increased protection of the surface/near 
surface environment including USDW and enhancement of public confidence toward 
this program can be gained by making certain modifications in the regulations 
and strengthening regulatory practices as recommended above. Since the 
principal findings of this study are supportive of continued deep well 
injection under very strict compliance with the UIC regulations, the following 
recommendations are made for this program. 
Further study into the nature of fluid and solute transport is 
needed to quantify the magnitude and character of fluid movement in 
confining beds used for deep well disposal. Studies and numerous 
field tests have shown that confining beds with low permeabilities 
are capable of trapping water, oil, and gas even when a potential 
gradient exists across the confining bed. Experience has shown that 
gas movement through a confining bed is possible under a potential 
gradient, but the quantity is small per unit of time and lies within 
an acceptable limit. Liquids move at slower rates and in smaller 
volumes than gases under the same conditions. 
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To assist Illinois in maintaining a strong position in managing 
its UIC program, the regulatory and scientific advisory personnel 
need to maintain contacts with UIC staffs in other state and federal 
agencies. Such contacts permit exchange of ideas and updating on 
advances being made in 1) wastetreatment technologies and management 
practices, 2) research and well testing technology, 3) handling of 
new regulations, and 4) adaptation of regulatory practices to local 
waste disposal conditions. In addition, the administrator of the 
UIC program in the regulatory agency should have a broad technical 
background in deep well technology to give effective management of 
the technical aspects of this program and to coordinate various 
staff efforts in the program. 
Development of a protocol for collection and testing of 
representative, unbiased samples of the waste prior to injection in 
the disposal well should be undertaken. The analysis results from 
the established sampling procedure can be used in defining injection 
waste characteristics. 
Analysis results from monthly monitoring reports should be 
entered into a computerized central data base for routine evaluation 
by regulatory staff and technical advisory committee staff to 
determine the condition of the waste disposal system and compliance 
with permit and special conditions requirements. 
A significant level of research is needed to develop a better 
understanding of the chemical and physical characteristics of wastes 
and the role these characteristics play in the interactions of the 
waste components with the components of the subsurface disposal 
environment. The following list identifies areas in which research 
initiation is needed: 
• Development of detailed quantitative criteria for 
classification of liquid industrial wastes. 
• Development of methods for collection of data on waste 
movement and behavior in the subsurface environment. These 
data are needed for testing of models of subsurface 
disposal systems and verification of the results obtained 
from the model studies. 
• Development of methods and equipment for sampling and 
testing of formation fluids under subsurface temperature 
and pressure conditions. 
• Determination of chemical interactions of industrial waste 
components with various types of formation fluids and 
formation rocks under insitu disposal conditions. 
• Determination of changes in permeability of disposal zone 
and confining unit rocks resulting from various chemical 
reactions. 
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e Determine type and degree of waste conditioning (pre-
treatment) needed to prevent incompatibility reactions. 
• Evaluate the effectiveness of in-well monitoring for 
surveillance of conditions in the disposal zone to 
determine if there is a need for radial observation points 
(monitoring sites positioned radially from the disposal 
well) within the disposal zone or above it, and to develop 
procedures, techniques, and a protocol for effective 
monitoring practices. 
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APPENDIX A 
Summary of injection waste composition for'the 7 injection well facilities in Illinois, during 
1983-1984 (concentrations in mg/L except where noted). Data were obtained from monthly 
monitoring reports. 
Site A 
Summary Statistics for 1983 
Parameter CV(%)c Minimum Maximum No. o~ Yearly 
Spls Total 
Aci d (% HC1) 1.26 0.71 56.3 ' 0.44 2.56 11 
Chloride 13,319 6,398 48.0 5,763 25,363 11 
pH (units) 0.65 0.18e 82.3e 0.34 1.37 11 
Specific Gravity 0.990 0.004 0.4 0.984 0.996 11 
Suspended Solids 145 50 34.5 77 242 11 
Viscosity (cps) 3.1 0.2 6.5 2.7 3.3 11 
Injection Volume (gal.) 
Well #1 1.35x10 5 2.42x10 5 179 1.76x10 Lt 7.96x10 5 11 
Well #2 5.95x106 2.35x106 39.5 2.75x10 6 9~35x106 11 6.69x107 
Summary Statistics for 1984 
Parameter Xa Sb CV(%)c Mi nimum Maximum No. o~ Yearly 
Spls Total 
Aci d (% HC1) 0.77 0.33 42.9 0.31 1.29 11 
Chloride 9,918 3,451 34.8 4,538 15,400 11 
pH (units) 0.91 0.047e 38.ge 0.69 1.17 11 
Specific Gravity 1.000 0.008 0.8 0.995 1.008 11 
Su spended So 1 ids 141 97 68.4 62 400 11 
Total Dissolved Solids 1,051 298 28.4 431 1,488 11 
Vi scosity (cps) 2.8 0.61 21.8 2.2 4.4 11 
Injection Volume (gal.) 
Well #1 2.29x10 Lt* 6.44x103 28.1 1. 62x10 Lt 3.70x10 Lt 11 
Well #2 5.84x106 1.11x106 18.9 3.90x106 7.44x106 11 6.55x107 
* Average excluded 1 anomaly of 1,007,550 gal per 1 month peri ode 
a: mean 
b: standard deviation 
c: coefficient of variation (S/X)x100 2 
d: number of months 
e: based on [H+] 
f: 1 analyses per month 
g: samples analyzed quarterly 
h: samples analyzed weekly 
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Appendix A: Cont i nued 
Site B 
Summa ry St at ist i cs for 1983 
Parameter Xa Sb CV(%)c Mi ni mum r~aximum No. o~ Yea rly 
Spls Total 
Acidity (mg/L as CaC0 3 ) 278 345 124 53 1307 12 Alkalinity 
(mg/L as CaCO 3) 228 323 142 29 973 8 
Anthraquinone 
Disulfonic Acid 17.4 21.5 124 <0.1 52 12 
Boron 1.6 0.4 25.0 0.7 2.3 12 
Calcium 84 30 35.7 47 145 12 
Chloride 1,161 275 23.7 734 1,578 12 
Fluoride 0.5 0.2 40.0 0.2 0.8 11 
Iron 4.1 1.5 36.6 2.0 6.7 12 
Magnesium 68 66 97.1 26 243 12 
Sil i ca 17.3 4.4 25.4 13 26 12 
Sodium 2,593 2,559 98.7 439 8,169 12 
Specific Gravity 1.003 0.003 0.3 0.999 1.010 12 
Sulfate 698 750 107 139 2,587 12 
Suspended Solids 51 27 52.9 23 105 12 
Total Dissolved Solids 4,958 3,684 74.3 1,616 13,175 12 
Turbidity 28 20 71.4 12 77 12 
Vanadium 11.6 12.7 109 0.7 37 12 
Injection Volume (gal.) 3.95x105 9.71x104 24.6 2.19x10 5 5.01x10 5 12 4.74x10 6 
Summary Statistics for 1984 
Parameter Xa Sb CV(%)c Minimum Maximum No. o~ Yea rly 
Spls Total 
Acidity (mg/L as CaC0 3 ) 83 54 65.1 56 198 7 Alkalinity 
(mg/L as CaC0 3 ) 114 72 63.2 37 258 7 Anthraquinone 
Di sulfoni c Acid 13.0 7.0 53.8 1.2 25 7 
Boron 1.5 0.7 46.6 0.8 2.8 7 
Calcium 73 20 27.4 59 117 7 
Chl ori de 1,312 277 21.1 955 1,858 7 
Fluoride 0.8 0.2 25.0 0.6 1.2 7 
Iron 3.0 1.5 50.0 1.5 6.0 7 
Magnesium 55 17 30.9 39 92 7 
Sil i ca 20.6 5.3 25.7 14.8 27.5 7 
Sodium 1,753 1,058 60.4 747 3,994 7 
Specific Gravity 1.000 0.004 0.4 0.991 1.003 7 
Sulfate 347 161 46.4 194 682 7 
Suspended Solids 39 15 38.5 22 60 7 
Total Dissolved Solids 3,714 1,253 33.7 2,461 6,411 7 
Turbidity 73 120 164 9 342 7 
Vanadium 7.0 5.2 74.3 1.1 17.1 7 
Injection Volume (gal.) 5.4lx105 7.75x104 14.3 4.35x10 5 6.26x105 7 3.79x106 
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Appendix A: Continued 
Site C 
Summary Statistics for 1983 
Parameter Xa Sb CV(%)c Minimum Maximum No. o~ Yearly 
Spls Total 
Aci d (%) 3.43 0.51 14.9 2.48 4.11 10 
Chloride 230,230 39,625 17.2 196,611 321,202 10 
Chromium 0.10 0.12 120 0.04 0.11 10 
Copper 26.3 3.1 11.8 23 29 3 
Ironf 134,747 17,342 12.9 112,817 166,742 10 Lead 0.40 0.07 17.5 0.32 0.44 3 
Manganfsef 514 27 5.3 485 537 3 
Ni cke 1 18.3 1.1 ,6.0 17.4 19.5 3 
pH (units) <1.0 <1.0 <1.0 10 
Specific Gravityf 1.2598 .0323 2.6 1.211 1.3058 10 
Total DissolvedfSolids 318,786 43,223 13.6 262,484 411,176 10 
Visc?sity (SSU) 150 21 14 124 180 10 
Zinc 3.8 2.8 73.7 1.4 6.9 3 
Injection Volume (gal.) 5.60x10 s 1.83x10s 33.0 2.73x10 s 9.00x10 s 11 6.16x10 6 
Summary Statistics for 1984 
Parameter Xa Sb CV(%)c r1i ni mum Maximum No. o~ Yearly 
Spls Total 
Aci d (%) 1.93 0.24 12.4 1.51 2.26 9 
Chl ori de 222,643 21,113 9.5 186,386 243,697 9 
Chromi¥m 0.03 0.02 66.7 0.01 0.07 9 
Copper 25.1 17.2 33 2 
Ironf 137,629 12,427 9.0 115,638 151,912 9 Lead 0.34 0.18 0.50 2 
Manganesef 650 600 700 2 
Ni cke 1 22.9 17.8 28.0 2 
pH (units) <1.0 <1.0 <1.0 9 
Specific Gravity 1.2489 .0246 2.0 1.2119 1.2844 9 
Total Dissolved Solids 332,159 40,718 12.3 261,909 384,685 9 
Visc~sity (SSU) 130 20 15.4 104 175 9 
Zinc 3.3 3.1 3.2 2 
Injection Volume (gal.) 7.3lx10 s 1.55x10s 21.0 5.06x10s 9.71x10s 9 6.58x10 6 
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Site 0 
Summary Statistics for 1981 
Parameter Xa Sb CV(%)c Mi nimum Maximum No. o~ Yearly 
Spls Total 
·Ca 1 ci urn 273 98 35.9 140 411 11 
Chloride 65 9 13.8 45 75 11 
Chromi urn 0.43 0.35 81.4 0.04 0.92 11 
Fl uori de 182 70 38.5 40 198 11 
t~agnesium 155 20 12.9 122 191 11 
Mercury (ppb) 0.15 0.04 26.7 0.11 0.21 4g 
pH (units) 2.8 O.OOle 50.0e 2.4 5.9 11 
Phosphorus 609 130 21.3 357 758 11 
Potassium 46 21 45.6 28 69 4g 
Sodium 897 57 6.4 840 975 4g 
Specific Gravity 1.011 0.001 .10 1.010 1.012 11 
Sul fate 2,192 508 23.2 1,603 2,988 11 
Suspended So 1 ids 36 9 25.0 17 49 11 
Total Dissolved Solids 6,056 928 15.3 4,506 7,296 11 
Total Organic Carbon 94 23 24.5 71 155 11 
Injection Volume (gal.) 1.11x107 2.03x10 6 18.3 8.00x10 6 1.44x10 7 11 1.23x10 8 
Summa ry Statist i cs for 1984 
Parameter Xa Sb CV(%)c t~inimum Maximum No. o~ Yearly 
Spls Total 
Ca 1 ci urn 305. 65 21.3 216 418 12 
Chl ori de 59 6.4 10.8 48 69 12 
Chromi urn 0.28 0.13 46.4 0.16 0.58 12 
Fluoride 182 25 13.7 144 227 12 
Magnesium 138 23 16.7 109 191 12 
Mercury (ppb) 0.19 0.06 31.6 0.11 0.24 4g 
pH (units) 2.62 O.OOle 50.0e 2.3 3.0 12 
Phosphorus 533 65 12.2 428 679 12 
Potassium 48 28 58.3 19 74 4g 
Sodium 71 127 17.7 600 856 4g 
Specifi c Gra vity 1.010 0.001 0.10 1.009 1.011 12 
Sulfate 2,285 346 15.1 1,477 2,548 12 
Suspended Solids 45 11 24.4 29 58 12 
Total Dissolved Solids 5,851 660 11.3 4,988 6,928 12 
Total Organic Carbon 121 21 17.4 96 175 12 
Injection Volume (gal.) 1.03x10 7 2.19x10 6 21.2 6.10x10 6 1.28x10 7 12 1.24x10 8 
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Site E 
Summary Statistics for 1983 
Parameter Xa Sb CV(%),c r1inimum t1aximum No. o~ Yearly 
Spls Total 
. Ac i d (% H Cl ) 2.96 4.7 160 0 11.4 37 
Acid (% HF) 0.086 0.058 67 0 0.23 37 
Arsenic 30.3 29.3 96.7 4.5 117 51 
Chloride 7,300 8,300 110 1,000 59,000 51 
Ni cke 1 1.7 0.9 50 0.2 4.7 51 
Sodium Fluoride 930 570 61 20 3,100 51 
Total Organic Carbon 13 4 30 3 23 51 
Injection Volume (gal.) 2.2x10 6 0.3x106 14 1.6x106 2.8x10 6 3.58x107 
Site F 
Summary Statistics for 1984 
Parameter Xa Sb CV(%)c Minimum Maximum No. o~ Yearly 
Spls Total 
Chlordane 0.5 0.1 20 0.4 0.6 2 
Chlorinated 
Cr, C2 Components 14 8 60 3.3 23.6 4 Ch orinated 
Cs ' C6 Components 230 208 90.4 6 493 4 Hex 234 121 52 65 380 4 
Sodium Chloride 27,100 21,100 77.9 900 118,600 52 
Sodium Hydroxide 4,160 3,410 82.0 90 15,400 52 
Total Dissolved Solids 33,700 27,100 80.4 1,000 148,000 52d 
Injection Volume (gal.) 5.67x106 3.12xl06 55.0 1.0x106 11.lxl06 23 6.67x107 
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Site G 
Summary Statistics for 1983-1984 
Parameter Xa Sb CV(%)c Mi riimum Maximum No. o~ Yearly 
Spls Total 
"Anth raqu i none 
Di sulfoni c Ac i d 21 26 124 0 220 24 
Calcium 2,500 1,000 40 104 
Chloride 50,000 3,000 6 104 
Magnesium 1,200 200 20 104 
Sodium 29,000 3,000 10 104 
Sodium Thiosulfate 6 280 17 
Sus pended So 1 ids 300 200 66.7 104 
Total Dissolved Solids 83,000 2,000 2.4 104 
1.08x107 Injection Volume (gal.) 0.6x10 6 0.4xl0 6 70 1.1xl0 6 0.04xl0 6 23 
pH Range and Percent of Samples Lying Within the Specified Range. 
pH range of 
1'-2 injection wastes 0-1 2-4 4-6 6-8 8-10 10-12 12-14 
Site Year 
A 1983-84 74% 26% 
B 1984 3.4% 93.1% 3.4% 
C 1983-84 100% 
D 1984 100% 
E 1984 6% 27% 48% 13% 2% 2% 2% 
F 1984 4% 2% 4% 92% 
G 1983-84 100% 
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